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adequate nourishment—extra milk, eggs, fats, orange 
juice etc. The establishment of child clinics 
everywhere; from which all the special foods neces- 
sary for child development can be purchased at 
nominal prices and where expert advice can be 
obtained freely, gave remarkable results. There 
are Jiterally no slum children in England now : 
everywhere, even in the poorest quarters, you meet 
the bonniest babies imaginable. It is really a “sight 
for sore eyes” : and one of the healthiest and most 
encouraging of the signs pointing towards the furture 
of the British nation. | should like to say at this 
point : — “Other countries, please copy!” ; and 
to express au earnest hope that politicians and 
governments will not, in another decade or so, 
throw this splendid future young manhood into 
another whirlpool of War. 

As a teacher of engineering, | cannot resist the 
temptation to talk about technical education : | had 
the opportunity of many discussions with some of 
the men who will be entrusted with the tasks of Post 
War educational reconstruction — as it may aptly be 
termed : 1 can safely say that great progress is being 
made in this direction, and far reaching reforms will, 
in my opinion, give to Britain a system of education 
remarkable for its accessibility to all and for its 
flexibility in the provision of any form of training 
desired by an individual of the community. This 
last point—flexibility is essential to the peculiar 
genius of the British people, whose sense of personal 
independence is so developed that they will not be 
regimented into rigid educational frameworks ‘of the 


Continental pattern. 
Full time secondary technical schools (and the so 


called “modern” schools) are being developed in 
parallel with the standard grammar schools, and will 
provide the main supply for the higher Colleges 
& Universities. ; 

The many schemes of apprenticeship training are 
being co-ordinated and brought to approximately the 
same standard : and pupils and apprentices are able 
to proceed to the National Certificates in part time 
and evening classes. The main local and regional 
technical schools are being developed for the 
Higher Certificates and National Diplomas. Oppor- 
tunities are sgiven to promising apprentices and 
pupils to enter the Universities and take the ordinary 


cel 


and higher degrees. 

Considerable emphasis is being laid on practical 
training in every direction : there is a very sound 
suggestion — which | hope to see adopted—that the 
Universities should insist on one years practical 
training before admission to the engineering facuities. 
Summer vacation training and post graduate training 
are being effectively organised : for it is now fully 
recognised that membership of one of the major 
Institutions is the keystone of engineering education 
and training. And, as you know, a minimum of two 
years practical training under engineers of a recog- 
nised standing is an essential condition of corporate 
membership of these Institutions. 

Gentlemen, 1 do not propose to speak of the 
intricate problems ofindustrial reconstruction : these 
will no doubt form the subject of many conferences 
between the very able representatives of both our 
countries ; and I feel sure that mutual sympathy and 
understanding will form the keynote of these 
discussions. 


1 can assure you however that Britain is working 
very Stead-fastly to re-establish her high standing as 
an industrial eountry, and to take her full share in 
repairing the ravages of War at home and in the 
devastated countries. She has no reason to fear 
competition—| mean, fair competition from nations 
generous and far sighted enough to recognize the 
paralysing effect of her tremendous War effort on 
her normal industries. - 

Already there is a good flow of orders pouring 
in from many directions : deliveries of certain types 
of articles and machinery will soon increase—at 
least when the shipping situation has been  eased. 
But for some of the new designs and improvements, 
time and a little patience are needed : for it is a well 
known characteristic of British. manufacturers that 
they will not put a new article or machine on tne 
market until its efficiency, reliability and robustness 
have been proved up to the hilt. 

l have however seen enough in Britain ‘to await 
the future with confidence : and 1 feel sure that those 
of you who, like me, were fortunate enough to go 
home this summer will agree with me. To those 
who have not yet been able to go, my advice is : — 
Ps worth while having a look around Britiain as 
soon as you can”. 
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Prof. C.A. GENEVE 


Chairman of the Advisory Committee for Egypt of the Institution of Mechanical Engineers at the 


Inaugura] Luncheon-Friday November 30 th 1945 


Your Excellencies, Gentlemen, 


Às you will realise from a glance at the crowded 
fable around you, the response to the Committee’s 
circular about the inaugural luncheon has been 
extremely satisfactory. {am particularly glad that 
our Egyptian members have turned out in force : 
this fact is ample evidence of their keen interest in 
the Institution and of the very cordial relations that 
must always exist between the engineers of our two 
nations. 

1 must first mention the distinguished members of 
the British Gooldwill Mission, Sir, William Stanier, a past 
President of the Institution of Mechanical Engineers, 
Mr. H. Wihtehead Mr. Morely New, Dr. Williamson, 
Mr. Daniells. — men speciaily selected for this vital 
mission not only for their scientific and industrial 
standing, but for the high social and personal 
qualities necessary to bring it to a successful con- 
clusion. They have our best wishes to that effect. 

From our Egyptian friends,— to name only a 
few—we have their Excellencies Mahmud Shaker 
Pasha, General Manager of the Egyptian State 
Raïlways, and Abdel Megid Omar Pasha, a civil 
engineer of repute, Dr. Abdel Rahman el Sawy Bey, 
our Dean at the Faculty of Engineering—may he 
long be with us!. Dr. Mah. el Shishini, Dr. Kamel 
Iskander. 

L am especially pleased to see with us Mr. C. 
Empson, the Commercial Councill-or at the British 
Embassy —who has from the start been very inter- 
ested in our activities ; and Mr. D.R. Mackintosh and 
Mr. H. Toone, of the Shell Co.; both of whom have 
been remarkably helpful in the matter of providing 
good opportunities of training for young Egyptian 
engineers. : 

lam sure you will alt join me in expressing 
disappointment at the absence of a very old friend— 
1 refer to H.E. Mohammed Shañfik Pasha, president 
of the Society of Egyptian Engineers, ‘‘the Father of 


Egyptian Engineers” : we sincerely hope that he will 
be with us on a füture occasion. 

Gentlemen, ! should now very much like to give 
you an account of my trip to England, and of the 
many things of interest which L saw in some of the 
engineering works and Research laboratories which 1 
was able to visit. But this would keep us here too 
long : and | must therefore postpone this account to 
a later date, when I hope to give it in the form of a 
short Paper. ‘ 

T must however record the deep impression which 
l received of the tremendous effort which was put out 
continuously and without faltering by those grand 
people at homc who bore the brunt of the War on- 
slaught to an extent undreamt of by those who have 
been mainly abroad during this terrible episode of 
human history. | met, and talked with, men and 
women of all classes in the factories and outside, 
and came to understand something of the grim 
determination with which they laboured to bring the 
War to a successful end. 


They all bear traces of their intense effort : they 
are thinner, greyer, and more lined, and more abrupt 
in their ways : they have developed'a great sense of 
independence, but also of comradeship, so that they 
are apt to address you sometimes with disconcerting 
familiarity —a familiarity bred of the need for mutual 
encouragement during the ghastly ordeals they have 
endured. On one point, they are particularly sen- 
sitive : they very much resent attempts to get more 
than one’s fair share; it was for this reason that they 
accepted this queueing business and Î believe that 
they are determined to see that this “fair share” prin- 
ciple is applied, not only to themselves, but to the 
nations of the world. 


One magnificent thing { must mention, although 
you have doubtless heard much of it before. ! refer to 
the welfare of young children in Britain : whoever 
else had to go short, the children always received 
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mixture in fhe combustion chamber, the thermal 
efficiency was very poor. Since the efficiency 
improves with increasing precompression of the 
combustion mixture, Melot.later evolved a relatively 
high compression, combustion engine illustrated, 
which in some respects resembles the original Lorin 
scheme. 


An air cooled two-siroke engine has 2 opposed 
cylinders in axial alignment, and a common free 
flyirg pisten having ported sleeve extensions. The 
piston works in the manner of a ball between two 
rackets. 
at the centre în one cylinder space and this has been 
ignited, compresses the mixture in the opposite space 
and so on at the rate of 1500 reciprocations per min. 
The combustion gases whose two-way exit is contro- 
Hed by the piston, enter the Mulot multiple nozzle 
system to produce the back pressure. 


Starting is effected with the aid of compressed 


air end spark plug. In this engine, Melot dispensed 
with the heavy crank drive. 


After it has ccmpressed the mixture entering. 


The chief contribution of Melot is undoubtedly 
his multiple nozzle already illustrated and now com- 
moniy known as “Thrust Augmentor”. 

It is well known that for good thermal efficiency, 
à high compression ratio or expansion ratio is 
necessary. But the high expansion ratio entails a 
high exit velocity and hence a low propulsion 
efficiency. In an endeavour to bring the two conf- 
liéting parties, namely thermodynamic and propulsive 
efficiencies to mutual agreement, Melot sought to 
induce additional air to join fhe main stream and 
hence reduce the final velocity The increased 
mass discharge of the jet compensates for the reduc- 
tion of exit velocity maintaining the momenturn change 
and hence thrust fairly constant but greatly improviug 
the propulsive efficiency. 

Incidentally the additional air may have a beneli- 
cial effect in cooling parts of the combution chamber 
and nozzle to within tolerable values. Howeve, 
theré are additional losses involved owing to 
molecular friction between air particles. 

( To be continued in the next number } 


THEORY OF ELASTICALLY RESTRAINED BEAMS 
APPLIED TO 
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Hilal has rendered a useful service in 
condensing in four chapters the development of 


principles for the 
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Note : If any düfficulty arises in cbtaining your 
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A conventional engine exhausts directly through 
an expansion nozzle to produce the propulsive et. 
Hére the engine combines the functions of comp- 
ressor, prime mover and combustion chamber. 


No power is taken from the engine crankshaft 
and apart from the energy used in driving the usual 
auxiliaries and overcoming losses, the engine fun- 
ctions solely to produce the reactive jet. 


The latter arrangement of the cylinders shown 
in the lower view renders it possible to install 
propulsive units of this type in wings of the 
aeroplane. # 


The Lorin scheme suffers from all the disadvan- 
tages inherent to the‘reciprocating engine. fn addition 
the velocity of the ejected gases is high and the 
propulsive efficiency would be exceedingly low 
cxcept perhaps at very high speeds. (It must be 
remembered that ‘the .Lorin scheme was proposed 
at à time when aircraft speeds were far below 
100 mph.). 


In addition to the unbearabie noise, the impulsive 
nature of the reaction force produces violent vibra- 
tions. Nevertheless, besides its historic interest, the 
design deserves an honourable mention. It was here 
that for the first time the notion was evolved of using 
part of the combustion gas energy of the reaction 
system for purposes of compression. 


The Morize Ejector scheme was proposed in 1917 
by the frenchman ©. Morize Here the functions. of 
compression and combustion are independent (Fig.5) 


A reciprocating engine À drives an air compres- 
sor B which delivers air through an equalising chamber 
€ to the combustion chamber D, the walls of which 
are lined with refractory material. The air inlet 
surrounds the jet E supplied with liquid fuel from 
tank F by an engine driven pump C.A suitable means 
of ignition is provided and the combustion products 
are discharged through the combustion chamber into 
the convergent forward end of the ejector tube 
H. This creates a region of low pressure and 
induces additional atr to enter the forward end of 
the tube H and join the gas stream. Control of the 
thrust is effected by varying the quantity and pressure 


-opesili 


of 


of the fuel and the charging air which supports 
combustion. 


A! Reciprocaung engine 8. fuel 
B. Air compressor S. 

C. Equalinung chambes 

©. Combustion chamber 3. 
€ Evel iuyector L3 
Fig 15 In che Morize ‘‘ejector ‘” scheme, fuet anc 
are supphed *o à combustion chamber which dichs 
into.s convergent-divergent tube. Additional air & 
the forward end of the tube by suetlon and joins tk 

«trearm which discharges to the rezt 


Fig. 5. The Morize Ejector Seheme 
The Melot Jet Propulsion séhemes were proposed 
to the French Military Authirities during the last war 
by Melot and patented by him in 1920. 


The combustion chamber (Fig. 8) is charged by 
relative air entering by a forwardly facing venturi 


A ComBustron chamber 
G Venturi C Fual imector 
& à Meiot mutuple-nstrle ‘ chrusc sugmentor ‘ of the typatrieg out by th 
French military authoriues on the last war 


D Nonste rings 
€ Main difuser «be 


Æ Free-lying psstan 3j. Priton lower tlteve œnhaust porta 
G Venturi Ke Enhautt conduit 

H. Paston upper slecve rnlet ports L Pen lower ileeve «nice ports 

12 21. Later Melor disign an which à vwo-stroke engine ts employcd vo furnish à 
4 highet compression cycle for te mors efficient combustion of the fuel 


Fig. 6. The Melot Jet propulsion Schemes. 


and, from a jet carrying in fuel which is ignited by 
eléctric or other means. 


From the chamber, the 
combustion gases are emitted as stream through a 
series of nozzles of ever increasing diameter through 
which additional air is sucked into the main diffuser 
tube. 


Ovwing tothe low compression of the fuel air 
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set up insuperable limitations to other means of pro- 
pulsion owing mainly to breathing difficulties (oxygen 
starvation) but they favour the rocket because they 
bring about less opposition to forward motion, greater 
expansion ratio and. temperature drop and hence 
improved efficiency. In fact, the tocket revels in 
absolute vacuum. 

But for the more immediate future of aircraft pro- 
pulsion, i. e. for speeds of the order of 500 and 600 
mph. and altitudes around 50.000 ft. theie can be 
hardly any reason for going to great pains to store 
up oxygen When it is readily available in the atmos- 
and need only be breathed. Under these conditions, 
the attitude of the rocket is totally unjustified and 
even arrogant. Moreover, in the case of the rocket, 
the available power is used to carry and accelerate 
both the fuel and the oxygen for combustion (which 
may be several times the weight of the fuel)” while in 
air jet devices, only the fuel consumed need be 
carried and accelerated since the air and hence the 
oxygen has à relative velocity with respect to 
the missile. Therefore, for equal thermal and propulsive 
efficiencies, Thermal-Air jet propulsion is far Superior 
to the rocket. 


Principle of Thermal-Air jet propulsion : 


In all thermal air jet devices, air which is the 
working fluid, is drawn from a suitable intake under 
under full ram due to the forward speed, compressed 


into the combustion chamber where heat is added by , 


the combustion of a fuel and the products of combus- 
tion are expanded and discharged to atmosphere at 
high velocity efflux from a nozzle. Due to the heat 
added and the thermodynamic cycle, the momentum 
. Of the jet is greater than the momentum of the inlet 
air and this increased momentum means an axial 
thrust force. (Fig. 4). There we have jet propulsion 
in all its essential features : — an air compressor, a 
combustion Chamber and an expansion tunnel. 
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Let :— 
R — force of the reaction 
m — mass of air aspired per second 
x == fuel to air ratio 
w == velocity of ejected gases w.r.t. jet nozzle 
v = velocity of jet device w.r.t. air 
Then :— 
Force of reaction — Rate of change of mo- 
menfum 
i.e. R = m{w—v) + mxw 
Propulsive power — Rv=mv(w—v) +mxwv 
Kinetic energy loss in ejected gases — 
2m (+ x) (w—v) 


Propulsive Efficiency = 


Form maximum eifficiency : v = w & 
Efficiency — 100 % 
& Propulsive power = mxv? 
ie. proprotionaf to v? 
Centred round these three fundamental components 
a considerable number of schemes have been pro- 
posed and, generally speaking, the essential differences 
between them lie in the method of compression. 
Reciprocating, centrifugal and axial compressors 
have been proposed. Prime movers range from 
conventional reciprocating I.C.E. tothe long awaited . 
Combustion Gas Turbine. 


lt is not possible here to describe in any detail 
ail the proposed schemes and f{ shalf confine myself 
to a brief review of some of the most prominent. 


Perhaps the simplest illustration of the principles 


is given by one of the earliest schemes, that proposed 


in 1908 by the French engineer LORIN (Fig. 4b). 


Fig. LE The Lorin scheme of 1993. A conventional eh£ine ts em, 
preducs à resction ie”. Th: lower sketch shows à proposed muti 
ra: for wing instalfation. 


Fig. 4 b. 
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daÿ speeds remains deplorably small. Eveu for 
speeds of 500 mph. the overall efficiency of the rocket 
may be about 4 or 5%. Indeed there are means of 
improving the propulsive efficiency at such speeds 
such as by the use of ejectors or thrust augmentors. 
{in principle, the object of ejectors is to induce 
atmospheric air to join with the exhaust gases thus 
bringing down the velocity of ejection and increasing 
the mass of the jet so that the momentum change is 
not greatly reduced but the propulsive efficiency 
greatly improved since the velocity of the ejected 
gas approaches that of the rocket.) 
Applications of the rocket : 


‘ Quite apart from the continuous propulsion of 
aeroplanes, the rocket has found many interesting 
aeronautical applications. One which military engine- 
ers have not been slow to exploit is the rocket 
projectile which has become a very deadly weapon. 


The rocket projectile : 


Disregarding its sinister purpose and questionable 
military value, the German rocket weapon V 2 (Ver- 
geltunswaffe 2) (Fig. 3) the the best example of a 
“modern”’ lon range rocket employing liquid propel- 
fants represents undoubtedly a brilliant technical 
achievement that will have far reaching influence on 
the future. 


Fig. 3 
Another successful military application oi the 
rocket is the shhort range rocket projectile. By cir- 
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cumventing the recoil problem, it hes enabled an 
aircarît of no more than 5 tons ail up weight to carry 
a “punch” or fire power equal to the bro:dside of 
a light cruiser. Moreover, it has made possible what 
in effect is a portaple 3 in. gun namely the “Bazooka” 
which can be shouldered and fired by a single man. 
in these interesting applications of the principle of 
reaction propulsion, the provision of propellants for 
flights of a few seconds duration is no great prablem. 
Besides, the question of motor burnout is immaterial 
since the whole device will, at its unfortunate destination 
be blow: to smithereens. 


Rocket assisted take-off : 


Rockets are being extensively used to assist the 
the fake off of aircraft. They have enabled land based 
aïrcraft to take off with a wing loading exceeding 
60 Ibs/sq.ft. They are also being used to launch 
aircraîft with unusually heavy loads from aircraît 
carri:rs'in light winds. These rockets, known as 
JATO/: fJet Assisted Take Off) are fired electrically 
and iast ior about 4 seconds until all the cordite is 
expended. They produce the effect of about 330 HP 
each and it is usual for aircraft to carry 4 of them. 
Presumably, rockets are also used to assist the 
inherently poor take off and initial climb of Jet propel- 
led aircraft. 


Rockets for altitude sounding : 


The greatest height recorded by an altituding sound- 
ing balloon (unmanned) is aboot 25 miles. Shells of 
the Big Bertha are estimated to have reached 34 miles 
at the peak of their trajeclories. À rocket of the V2 
type, stripped from all unnecessary military laad and 
fitted with meteorological and physical science record- 
ing and transmitting apparatus would be able, in the . 
immediate future, to reach altitudes of about 80 miles 
and bring valuable scientific date of these so far 
uncharted reaches of the atmosphere. 


Thermal-Air Jet Propulsion 


Jet versus Rockei: 

The rocket, being entirely self sufficient, really 
comes into its own at extreme altitudes far above 
50000 and even 100.000 ft. and at ultra sonic speeds 


‘of the order of 3000 mph.The reduced density, pres- 


sure and temperature at such extreme altitudes may 
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are accelerated thereby so that in the throat there is 
critical velocity of that gas admixture and the 
adiabatir expansion is then continued in the divergent 
part of nozzle, the gases being accelerated to a still 
higher velocity which at the point of discharge may 
be several thousand feet per second, depending on 
the initial pressure in the combustion chamber and 
the pressure of the external atmosphere. 


Efficiency of tke Rocket : 
In all thermal propulsion devices we have to 
consider :— 
First:— The Thermal Efficiency as a heat engine, 
sometimes called “Internal efficiency”. 


& Secendly :-— The Propulsive Efficiency i.e. the 

… efficiency of transforming the work done 

in the heat engine into propulsive effort 
“Exterior efficiency”. 


The product of these two important parameters 
gives the Overall or Thermo-propulsive efficiency. 


To obtain an expression of the propulsive efficiency 
of the rocket, let :— 


R —- force of the reaction. 
m — mass of gases ejected per second. 


w =: velocity of -ejected gases relative 
to rocke. 


v — velocity of the rocket 


Then : — Force of reaction -— Rate oi change of 
momentum. 
i.e. R = mw 


Propulsive power — Rv =: mwv 
=Kinetic energy lost in ejected eases—3 m(w—v) 


Therefore :— Propulsive efficiency — 


mwy 2wv 


mwv —- i/2m (w— v} 


For maximum efficiency : v— w — terminal 
velocity. 


Propulsive efficiency == 100 # 


The fore, in order to obtain a big thrust power, the 
masses burnt per unit time should be great and the 
velocity of the rocket should be equal or at least near 
to the velocity of the ejected gases. 
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Characteristics of an ideaj racket: 


Consider an ideal rocket” engine, using ordinary 
fuels and oxgen. Fuel oils dre particularly suitable as 
they have a high calorific value and can be fed at a 
predetermined rate to the combustion chamber. 


Dependent on atmospheric pressure and pressure 
in the combustion chamber, the velecity ofthe dischar- 
ged gases may be of the order of 3000 m.p.h. at 
usual air pressures and strengths of combustion 
chambers. Assuming that air resistanee can be small 
enough (the rocket can be of almost perfect stream- 
line shape), the terminal velocity of the rocket would 
be equal to that of the discharged gass (300 mph.) 
and propulsion efficiency at terminal velocity = 100%. 


Thns, the rocket, at such superlative speed, would 
have an overall efiiciency =: thermal efficiency and 
would therefore be far from extravagant as regards 
fuel consumption per mile. 


This example stresses the importance of regarding 
the rocket not merely as a projectile but also as a 
motor of high efficiency and great potentialities. 

* Limitétiors : 


Unfortunately, the rocket has many points of 
weakness. The most obvious is perhaps the combus- 
tion chamber, seeing that it is subjected to high 
temperatures and pressures and cooling of some from 
is required hence introductng heat losses. Moreover, 
serious losses by molecular dissociation in the combus- 
tion chamber must be expected. Cooling losses may 
be minimized by using part of the heat to preheat both 
the fuel and the oxgen. 


But the greatest objection against rocket propulsion 
ot æroplanes is the question of oxygen, its weight 
and storage in an æroplane. If the fuel is ordinary 
paraffin, (decane) the ratio of weights of oxygen to 
fuel is 31 to O and the bulk of oxygen in liquid form 


,is 2.2 times that of the fifel. The difficulty of provid- 


ing a heat insulated tank for liquid oxygen at a 
temderature of 120°C. is certainly very great. (IE that 
tempereture is exceeded, oxgygan cannot be in liquid 
form and pressures resulting from gasification can be 
50 atmospheres and more and the tanks would have 
to be of very considerable weight.) 


In addition to that formidable probiem, there is 
the problem of propulsive efficiency which at present 
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termed “‘'Zhermal Jet Propulsion Systems” and com- 
prise two main groups :— 
a) The Rocket. 
& b) Thermal-Air Jet Propulsion or simply Jet 
Propulsion systems. 


Jet Propulsoin 


Thermal Jet 


Increase of momentum by 
thermodynamic process 


Cold Air Jet 
Increase of rmo- 
mentum by à dy- 
namic process eg. 
airscrew 


| 
Rocket 


Oxygen for com- 
bustioncarried 
internally; inde- 
pendant of atmos- 
phere;may operate 
in vacuum. 


Thermal-Air Jet 


Oxygen for combustion 
drawu from atmosphere, 
eg. proposed jet pro- 
pulsion schemes, & in- 
cludes Ejector exhaust 
& ducted cooling. 


_ Difference bétween the Rocket and Thermal-Air 
Jet systems: 


Recently, a great deal has been written about jet 


and rocket devices in connection with aerial propulsion 
and this has led to a certain amount of confusion in 
differentiating rockets from jet devices. Essentially, 
both employ a /et and koth require a heat engine of 
internal combustion form and the energy extracted 
from the fuel is used to accelerate gases as a result 
of which a propulsive thrust is obtained. Theïthrust 
force is equal to the rate of change of momentum of 
the gases so that the HP is equal to the product of 
the Thrust and the velocity of the rocket or jet device. 
The most striking difference between rockets and jet 
devices are these :— 

The rocket contains within it all the masses 
required for the production of the jet i.e. Both the 
fuel & the oxygen & il can operate in a vacuum. 


Jet propulsion devices. (Hot Air) carry the fuel 
only & derive the oxygen from the surrounding air. 


The Rocket 


The rocket is a very old invention, being’credited 
to the ancient Chinese. It has often been used, with 
a various measure of success as a Weapon, but until 
quite recently, the engineer (who is supposed ‘0 be. 
hard headed & practical) gave little, ‘thought ‘to 
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rocket flight. Rockets consisted mainly of. a tube 
closed at one’ end and packed with a fuel and oxygen 
for its combustion.in solid form, the proportions of 
oxygen and fuel being such as to limit the rate of 
combustion. Such fuels had obvious disadvantages 
e.g. the danger of explosion and the lack of positiye 
control on the combustion process. 


Little attention was paid to aerodynamic form or 
the form of the jet nozzle. Divergent nozzles were 
used after De Laval evolved that form for impulse 
turbines. 

More recently. better fuels have been used, usually 
one of the hydrocarbons and liquid oxygen has been 
provided fer the combustion of the fuel. 

Fig. 2 shows the essential parts of a rocket 
“engine Jf the modern form. Fuel is fed from the 
tank through a controlling valve into the combustion 
chamber.- The exygen is similarly fed through a 
controlhng valve into the combustion chamber. The 
combustion chamber is directly connected to a con- 
vergent divergent nozzle. When the rates of follow 
of fuel and oxygen are properly adjunted, the fuel 
burns continuously in the combustion chamber, being 
initiaily ignited by a sparking plug. 


- Ecsets 
RCE 


Zhomodynormic Oyols of the ‘Rogkes ” 


Fig. 2 


The heat of combustion raises the temperature 
Fand pressure of the gases in the combustion chamber, 
"these gases being water vapour (superheated) and 
COz2 for a .hydrocarbon fuel. The gases expand 


” adiabatically in the convergent part of the nozzie and 
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This engine can be regarded as the first steam 
engine and the first turbine. 
+ 
| | * + 
It Newton's steam carriage illustrated, the jet 
propulsion principle is present but practically, the 
efficiency would be so low that the proposal is 
valueless. 


PPS CONverting 
tam pressure  lmo 


mechanics power was 
probably the  eartiest 


demonstration of the 
principle c{ jat rasction. 


Ag Z hr hasc Newton, che Englhh astronome sn@ mechemerition ee 
scundes the laws of gravitation. experimented with à Le pie) letsropelteg ‘ 
less carriage. 
0] 


Fig. 1. Hero’s Aeolipile & Newton's Carriage 


Jet Propulsion for Ships:— The idea of jet 
propulsion for naval vessels was tried out in 1860 
but did not prove successful. Good efficiency required 


pumping a vast amount of water and discharging äit 


at a fairly low velocity so that the pumping and large 
diameter piping installation seriously encroached on 
the available hull space. But under the impetus of 
the last War, something of a revival in jet propelled 
boats took place. The relative under water silence 
rendered them particularly suitable for submarine 
hunting and several anti-submarine trawlers were 


fitted with jet propulsion devices. 


Jet Propulsion for aircraft:-—-As a means of 
aircraft propulsion, serious study. and experimentation 
on Jet Propulsion cannot be said to have started until 
a few years after the realization of mechanical 
heavier—than— air flight in 1903, and over the last 
30 years, it has been the subject of intense study, 
many patents and many oxperiments and very often 
many disappointments. 
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. These experiments culminated in August 1940 in 
the achievement of the first successful jet propelled 
flight in a machine designed by an Italian engineer‘ 
S. Campini and known as the “Caproni Campini 1”. 
In England, in May 1941, a jet propelled aircraft, 
with engines designed by Air CommodoreF. Whittle 
made its first successful flight. Both Campini & Whittle 
had been conducting research work on the subiect 
since 1932 and are undoubtedly great pioneers in 
that field. Their enthusiasm and faith carried them 
over all disappointments and failures and ultimately 
they won through to success. 


In Germay, the first successful machine embiodyiug 
jet propulsion appears to be the notorious Flying 
Bomb or VI (Vergeltungswaffe 1) which they began 
launching against Southern England in June 1944. 


Principle of Jet Propulsion. 


Dynamicatiy considered, all fluid propuision 
devices are alike. Screw propeller, jet or rocket, 
paddie wheel and even oar all serve as mechanisms 
for projecting a jet of fluid astern. The action that 
accelerates the fluid finds, by Newtonian law an equal 
and opposite reaction, available for driving the craît 
to which the propulsion mechanism belongs. Thus, 
the characteristic feature of every fluid propulsive 
system is that forcibly ejected stream of fluid :— 
“The Je”. 

The conventional airscrew is but one form of Jet 
propulsion in which the required thrust is obtained 
by driving a mass of air backwards, forming the 
slipstream. In this case, the jet outline is not visible, 
though no one who has, by misfortune, found himself 
in the slipstream of an aeroplane can have any dounts 
about it. (As a matter of fact, an experimental 
aeroplane flown in 1933 had its airscrew enclosed in 
a duct with the object of improving propulsive effi 
ciency by recovery of kinetic energy loss in the 
slipstream & the reduction of eddies). 

Ja the case of the conventional aïrscrew, the 
increase of momentum is,obtained by an aerodynamic 
process involving no appreciable amounts of heat and 


# can therefore be termed a “Cold Air Jet Propulsion 


System" in contrast to methods where the momentum 
increase involves the input of heat and thereby 
requires a “Thermodynamic cycle”. Such systems are 
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introduction & Brief Historical Survey 
Evolution of means of human propulsion 
The wheel, one of the earliest of human inventions, 
has all through the ages been used in -practically aïl 
means of locomotion on the land. Rolling wooden 
logs probably inspired the conception .of the wheel. 


With some ingenuity, the wheel was adapted for ” 


the propulsion of ships Fand so the paddie-wheeled 
boat was evolved but it was later discarded in favour 
of the screw propeller. Then man turned his ambition 
to the space above him and for the propulsion of his 


aeroplane, he borrowed the screw propeller from the 


ship after adapting it fo its new element, the atmos- 
phere. But the air, owing fo its compressibility and 
variable density is far from being the ideal medium 
in which the propeller excells. 

However, as long as speeds remained relatively 
small, compressibility did not seriously enter into the 
picture. The problem.of reduced density at altitude- 
was circumvented by the use of the variable pitch 
propeller. 


But the pressing and ever increasing war needs 
for high speeds, of the order of and exceeding 450 
m.p.h. and high altitudes, at and above 30 and even 
40.000 ft. have brought into prominence the 
shortcomings of the screw* propellor and it appears 
as though, for even higher speeds and altitudes, the 
propeller may have to give way to some éntirelÿ 
different propulsive means that would be more adapted 
to the medium and prevailing conditions. 


Thus, like the paddle wheel, the screw propeller 


would have been in the way of a stop gap rather 
than an ultimate solution. 
ù Ed 5 # 

Practical work on Jet propelled aircraît has tended 
to be shrouded with secrecy so that until recently, 
many sceptics tended to dismiss the whole subject as 
a dream of the future. However, the first successiul 
public demonstration of the Italian Jet propelled 
aeroplane, in August 1940, and more recently the use 
of the jet propelled flying bombs and fighter aircrafît 
have dispelled any lingering doubts and proved that 
Jet Propulsion of aircraft, so long an elusive dream, 
was, at long last an accomplished fact. 

Jet or Reaction propulsion is not an invention of 
the 20th Century. Ît is oîder in conception than the 
aeroplane and the Internal Combustion engine. In 
fact, it may be considered as one of the earliest 
mechanical ideas. The first recorded proposal of Jet 
Reaction is the ciassic steam engine of the philosopher 
Hero of Alexandria which he demonstrated early in 
the 2nd century. Jet Propulsion also attracted the 
attention of Sir Isaac Newton and in 1860, he experi- 
mented with a model of a car which embodied the 
principle of jet reaction. (Fig. 1). 

This apparatus consisted of a hollow sphere 
mounted centrally between 2 supports, one of which 
being hollow, served to transmit steam from a closed 
vessel supported over a fire. 2 pipef, with right angle 
ejecting nozzles were affixed to the sphere on oppo- 
site sides and the urbalanced pressure created by tie 
escans of the jets of steam caused the sphere to 
revolve. 
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ASSOCIATED BRITISH MANUFACTURERS 
(EGYPY) LIMITED 


Building “B” + Sharia Emad el Din 
CAIRO. — C.R. 45 


Brimingham Small Arms Co. Lid.—Small Arms, Caros 
& Lorries far Militarv Purposes etc. 

British Insulated Callender's Cables Ltd.—Manufaeturers 
of all iypes or Electric Cables, Contractors for Grid 
Mains HT, & L.T 

Dorman, Long & Co. Lid.-Guiders, Bridge Work, 
Structural Buildings etc. 

The English Electrie Co. Ltd.—Steam Turbines, Water 
-Turbines, Oil Engines, Switchgear, Transtormers, Electric 
Plant & Equipment for Mills Factories & Workshops. 
Electric Traction for Rail and Road Transport etc. 

Thos Firth & John Brown Ltd. —Corrosion—Resisting 
Steels, Files, Siws and alt High Speed Steel Tools, 
Castings & Forgings. 

Firih-Vichers Stainless Steels Lid.—“Staybrite” Stainless 
Steel. 

Glenfield & Kennedy Lid.—water Meters, Sluice Gates 
& Irrigation Machinery. 

R. € W. Hawithorn Leslie & Co. Lfd.—Ships, Marine 
Engies & B ilers, etc. 

fjughes & Lancaster Litd.—Sewage 

y Spectalists. 

Hurst, Nelson d Col Lid.—Raïlway Rolling Stock. 

the Paterson Exgineering Co. Lid.-Large Filter 
Installations & Waterworks, Bath Water Purification 
Plants, Chiorinators & Water Softeners. 

Robe { Stephenson & Hawthorns Ltd. -Railway Locomo- 
tives, Lovomotive Cranes etc, 
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Î IATION OF PROPRLIER PERFORMANCE TA HEICR? 


Therefore, speaking in general terms, it appears 
that the drop in propeller efficiency at high speeds 
and high altitudes will limit propeller driven aircraft 
roughty to 500 m.p.h. and 50,000 ft. and in spite 
of his feverish attempts to improve efficiency, there 
appears to be little that the airscrew disigner can do 
against these basic physical and practical limitations. 


The jet engine elimirates propelleres and bulky 
engine nacelles. It will not climinate the inevitable 
effects of compressibility on wings but it enables the 
aircrait desiuner to realise the diflerence between the 
Points where the wings are affected and where the 
propclier is affected. This difference is about 100 m. 
p. h, for the immediate future. 


The elimination of the airscrew will confer several 
additional important advantages : — 


2 


For one thing, all the complicatiors of the airscrew 
with is mechanism of variable pitch and contra- 
rotation apparatus will disappear. 


À smaller and lighter landing gear would be pos- 
sible:— the lofty vundercarriages Of aircraft are only 
necessary to provide ground clearance .for the large 
diameter propellers. 

Further, the increased drag and adverse yawing 
moments resulting from the twist in the slipstream 
will be eliminated. 
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On the other hand, the efficiency of the jet is 
very small at slow speeds; the rocket is, of course 
even worse in that respect ? This is a great disadvan- 
tage of the jet and the take off and climb are not 
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Fig. 19 

comparable with airscrew propulsion and it is essen- 
tial to employ some means of assisted take-off such 
as thrust augmentors, ducted fans, propellers or even 
rockets. 


Air Compressibility. 


in order to appreciate the potential adventages of 
the jet for high speed high altitude flight, it is 
essential to consider the characteristics and limitations 
of the conventional airscrew under these conditions 
and this inevitably brings in an important factor, 
namely the effect of the compressibility of the air. 

At relatively low speeds, i.e. 200 and even 300 
mp.h., the air can be regarded as incompressible. It 
will not compress so long as it can get out of the 
way satisfactorily; the wing pushes on the air in front 
of it, which pushes on the air further forward and so 
on. Conditions remain normal so long as the speed 
of the aeroplane is below the speed with which one 
molecule of air can transmit the push to ihe next 
molecule; this is how sound travels through the air. 
The velocity of sound in air at S.L. — 756 m.p-h.; 
it decreases with alitude; at 30000 ft. it equals 
660 m.p.h. 

Consequently, when the speed approaches the 
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velocity of sound, the air cannot get out of the way 
in time and so compresses and forms a skock wave 
in front of the wing or body which moves along with 
it causing a very great increase in drag and an 
enormous loss of lift. | 

Compressibility effects appear long before the 
speed of the aeroplane itself approaches the speed of 
sound because the air flowing over the top of te 
wing and other curved parts of an aeroplane is 
speeded up locally to a much higher figure. The first 
component of an aircraît to suffer from an approach 
to the speed of sound is the airscrew; that is because 
the tip speed of the airscrew is the vectorial resultant 
of the retational speed of the airscrew and the far- 
ward speed of the aircraît. 
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Fig. 20 


As the aircraft speed increases, the shock waves 
will move downthe airscrew blades to the roots 
which are still travelling facter than the aeroplane. If 
the airscrow is a fractor, the shock wave will be 
communicated to the body behind th: aîricrew and 
itis for this reason that pusher airscrews are necessary 
for very high speeds, 

After the aïirscrew blades, the near component 
likely to be affected is the cowling of a radial engine, 
the critical speed of which is about 450 m p.h. at 
20,000 ft. 

À thin high speed wing section will not be 
appreciably affected by compressibility up to a speed 
of arouud 600 m.ph. ‘ 
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within but opening rapidly with higher differential 
pressure from outside. The grille carries nine petrol 
jets with nozzles of about 1/16 in. diam. 


Starting of the power unit is by means of 3 small 
compressed air nozzles and a sparking plug. 


The operation of the unit is as follows :- assuming 
that the machine is in flight at high speed with the 
motor functioning, that the frontal shutters are closed 
and that an explosion is taking place inside the engine 

. The gas pressure so generated will propel the mass 
of burning gas down the pide. To move a mass of 
any kind requires: a force. By Newton’s Law, there 
is an equal and opposite reaction to that force and 
this, acting on the closed shutters of the grille produces 
forward thrust of the aircraît. 


As the mass progresses down the tube, the pressure 
will drop until the shulters, assisted by the ram effect 
from the outside will be forced open and a new charge 
comes through in to the combustion chamber ; this 
immediately burns, heats up and expands whistling 
down the tube. 


The frequency of the explosions is determined by 
the resonance frequency of the tube :— 


Time for one cycle=—- : 
mean velocity of pressure&suct-wave 


the velocity is equal to the velocity of sound for the 
medium &r.d cerdit'cns existing inside the tube. 
The number of.explosions per minute for the flying 
bomb was about 2700/min. (This may be considered 
to bear a certain analogy with R. P. M.) 


Fig. 17, 
In flight, the engine emits a fiery jet about 14 ft. 
long and the combustion chamber is maintained at a 
blood red heat temp. 


fn order to take up the terrific vibration the engine 
is mounted on large rubber trunnions. 

Engine Controls :— The automatically regulated 
engine controls are very simple :— 


twice the length of tube __ 
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Throttle :— A simple Pitot tube connected to. the 
throttle opens up petrol supply with increase in speed. 

Altitude Control:— An alimeter element (aneroid) 
controls the petrol supply to suit the height ie. cuts 
down fuel supply with height. 


x 1 is 
Fig. 18. 
In case the pressure inside the jet engine meaches 
dangerous limits, back pressure on petrol jets will cut 
down petrol supply and restore conditions to normal. 


Some specifications of the Flying bomb and its 
impulse duct engine are given in fig. 


CHARACTERISTIC FEATURES OF 
JET PROPULSION 


Propulsive Efficiency of Propeller, Jet and Rocket 


The propulsive -efliciency is, of course, one of 
the most important criteria in a comparison between 
the propeller, jet and rocket. The expressions of 
propulsive eificiency for the rocket & jet already 
given clearly indicate that the efficiency improves as 
the speed of the craft approaches that of the ejected 
gases. - 


According to estimates of Sir HR.Fedden in his 
classical Wilbur Wright Memorial lecture read before 
the Royal Aeronautical Society in 1944, for an altitude 
of 20,000 ft, jet propulsion will show no advantage 
in efficiency over the airscrew below speeds of 550 
m.p.h. ; at 30,009 ft, jet propulsion is superior for 
speeds of 450 m.p.h. and above; at even higher 
altitudes, the cross over point occurs at lower speeds. 
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compression but before combustion, the Thermal 
Efficiency could be increased from 18 % to 32 LT 
These ‘calculations are based on a maximum tempe- 
rature of 15900F., a compressor, efficiency cf 85 # 
and a turbine efficiency of 88 Z. 


F. Fuel injecr: 
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fig. 7. À self-contained, afl- jet 
ropulslon unit recently patentod by Max 
ahn and assigned co the firm of Erns 
Heinket. ue 


Fig. 14 The Heinkel Jet Propulsion Unit 


Starting of such units is effected by means of an 
electric motor which runs the impeller up to a suf- 
ficient speed to supply air for tte combustion chember 
and fuel is injected and ignited by means of an 
ignit'on plug. As soon as combustion has commenced 
the plug would be cut out. 5 

No review of proposals for jet propulsion would 
be complete without mention of the Compressorléss 
systems. In these, no mechanical compressors and 
consequently no engine or turbine is employed. The 
only compression presentis that due to the ram effect 
af the moving craft. (Fig. 15) 
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Fig. 15 The Leduc jet propelled craft (1933) 
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In any such scheme, the thermodynamic efficiency 
would be exceedingly small owing of course to the 
very small compression ratio. Besides, the craft 
would have to be accelerated to a very high velocity 
before the jet would come into operation. However, 
the principle has been the subject of several rather 
fantastic claims and inventions. 

In a note presented to the French Science Aca- 


. demy in 1936, Mr. René Leduc, an aircraît engineer 


and professor Villey, professor at the Sorbonne in 
Paris estimate that such a compressorless unit. having 
an inlet diameter of 60cm:. and working at a tempe- 
rature of 6200C. would be capable of developing a 
power of 10,000 HP at a speed of 1080 kmh at 
sea level. Further the estimated engine weight is 
given as about 800 Ibs corresponding to a specific 
engine weight of 0.08 Ib/HP. 


THE FLYING BOMB 


Undoubtedly the most outstanding actual example 
of a compressorless scheme is the propulsion unit of 
the notorious flying bomb known as VI and more 
aptly called the “Aerial Torpedo" 

The propulsicen unit of the flying bomb is of 
amazing simplicity. As is clear from the illustration 
in figure, it is a simple duct provided at the forward 
end of t with a grille which looks rather like a 
harmonica. The only working parts are small spring 
steel shutters in the grille. They form non-return 
valves closing the grille against exeess pressure from 
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Fig. 16. 
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around the periphery of the turbine, constituting a 
single annular orifice, so that the blade ring of the 
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Eig. 12 Whittle Propulsion Plant 


The air is heated by the addition of fuel introduced 
to the combustion Chamber through injector F, sur- 
rounded by a cowl G. To ensure continuous combust- 
ion, the inner wall of this cowl may be covered with 
a perforatcd metal or a wire mesh to produce a 
toundary layer of air travelling at a velocity below 
that of the flame speed of the fuel. The air and 
combustion gases give up part of their energy to the 
turbine rotor H, to drive the air compressor. After 
leaving the turbine, the air passes into an annular 
<collecting chamber formed as a divergent channel. 
The conduit terminates in a convergent divergent 
propulsion nozzle in the tail of the aircraît. 


The Swedish firm of Milo has proposed several 
noteworthy designs employing multi-stage centrifugal 
compressors directly coupled to a multi-stage gas 
turbine. The scheme illustrated (Fig. 13} is housed 
in a streamlined nacelle for wing installation not 
unlike that of a conventional radial engine . 

The air enters by an axial orifice, is compressed 
in a mult-stage centrifugal compressor, passes over 
the wall of the annular combustion chamber there-by 
cooling the walls and being preheated in order to 
improve the thermal efficiency. This hot air enters 
the combustion chamber past fuel nozzles. From the 


combustion chamber, the gases expand through the : 


turbine and pass with an accelerating velocity 
through the outlet channel of diminishing cross-sect- 
ional area to the discharge nozzle. 


guy 


Another allrotary jet propulsion unit has been 
patented by the German firm of Heinkel. The main 
feature of the design appears to be simplicity and 
compactness as will be appreciated from the illustra- 
tion. (Fig. 14) 
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Fig. 13 The streamlined Mijo Unit 


Air is drawn through the forward opening and 
leaves the impelier at îts periphery. The stream is 
here divided by a projecting guide C, on the ensh- 
rouding wall of the annular combustion chamber D. 


The main air supply is diverted to the rear to the 
turbine wheel whilst a smaller portion passes along 
passage E, between the main casing and the combus- 
tion chamber wall. At the point of smallest diameter 


‘surrounding the intake aperture, this portion ‘of the 


airstream is again divided. Part enters chamber D into 
which the fuel is injected by nozzles F. The remai- 
nder continues around the combustion chamber in 
space GO, and joins fhe initial airstream and the 
effluent from the combustion chamber to form a 
common stream which expands through the turbine 
and furnishes the molive power for rotating the blower. 
The annular discharge from the turbine wheel is a 
high velocity, rearwardly directed jet, Îthe reaction 
of which furnishes the propulsive effort. 

An important feature of the Milo and Heinkel 
units is the fact that the combustion chamber is 
effectively insulated by the air stream and thus, heat 
from the combustion chamber is not completely lost 
by radiation to the atmosphere but is largely carried 
off by the compressed air to perform useful work in 
expansion through the turbine. This ,reheat effect 
results in a considerable improvement of the thermal 
efficiency. Theoretical calculations given in a paper 
by Prof. Davies & Dr. M LFawzy, : of this Faculty, 
show that by suitable addition of heat to the aïr aîter 
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is mechanically coupled to a two-stroke engine C. 
From the air. leaving the compressor, a supply 
is drawn off by the charging blower D driven by the 
exhaust turbine E. As the charging pressure is 
relatively high, the air becomes heated by compres- 
sion. Ît is therefore desirable to cool it after leaving 
the blower to avoid loss of charge weight atthe engine. 
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Fig. 11. The Eichelberg Design. 


Moreover, we have to consider the heat dissipation 
necessary jor the cooling of the engine. In each 
case, the liberated heat is turned into useful account 
by transfering it to the main air supply in a Separate 


: heat exchanger of the contraflow type. The tempera: 


ture ‘of the fluid cooling medium is likely to be lower 
than: that of the charging air and the heat exchangers 
.are better arranged in the order shown. 

-After passing the heat exchangers, the main 
propulsion air passes a regulating valve H, and 
combustion chamber f, into which additional fuel can 
be injected to furnish additional power for peak loads, 
tothe discharge nozzle K. The waste gases from 
the turbine are discharged from the nozzle L. 

The main object of considering ascheme such as 
the Whittle dual thermal cycle employing a power 
unit consisting of a combination of compressor, 
reciprocating engine and power turbine is to obtain 
the highest possible thermal efficiency by using the 
reciprocating engine as a combustion chamber, aHlowing 
higher maximura cycle temperatures than those obtain- 
able with simple combustion chambers directly 


connect-d to the turbine. However, such a power 
system cannot approach the specific weight of the 
Straight turbine unit and thus, the fuel economy would 
only show to advantage in aircraîft for use over very 
long ranges, say 3000 or 4000 miles. fn addition the 
combination of reciprocating engine and turbine 
involves the mechanical problems of both types of 
machines. 

Most of the proposals so-far reviewed employed 
reciprocating engines following more or less conven- 
tional lines. În considering the relative advantages 
of such an arrangement over a normal airscrew 
driven by the sam£ engine, one must taks into account 
the extra drag and weight of the ducting etc., and on 
the other hand the fact that part of the heat normaily 
lost by cooling and in the exhaust. gases is utilised 
to oblain additional thrust. 

There may be some immediate advantage of 
employing a conventional aero-engine and thus benefit 
by the enormaus amount of accumuiated experience of 
that type of engine. Vet it seems that a gas turbine 
would be particularly suitable for the work and the 
great majority of jet propulsion schemes recently 
proposed employ rotary components exclusively in 
both prime mover and compressor. The complete 
élimination of reciprocaling parts confers enormous 
advantages. 

As early as 1933, Frank Whittie (of Jet propulsion 
fame) patented a compact single jet plant for mounting 
direct{y in the tail of the aircraft. High speed rotary 
components are used in order to minimise weight. 

The air intake can be either by way of a suitable 
orifice facing forward or by a series of scoops located 
to collect the boundary layer from the fuselage shell. 
The compressor has two air intakes, arranged one on 
each side of the plane of-rotation of the impeller A. 
The velocity of the impeller is so high that the air 
leaves the tips of the blades at supersonic velocity. The 
air is delivered first into the radial primary diffuser cham- 
ber B, which discharges into the delivery scroll C, of 
increesing cross-sectional area. At its outlet, the scrol! 
is directly connected to a helical combustion chamber 
D. Initially, the combustion chamber is of tapering 
form so as to constitute a secondary diffuser for iñe 
compressor and the discharge end of fe crambar à: 
connected to the volute turbine nozzle. This extends 
through a diffuser intake A to the compressor B which 
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for the rotary compressor. À part of the air delivered 
by the compressor is utilised ro charge the engine 
cylinders. The exhaust gases from the engine, and 
the by-passed major portion of the air, are mixed 
adjacent to the discharge nozzle. (Fig. 9) 
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Fig.9 The Juukers Jet Reaction Plant. 

Air is forced by the compressor À into passages 
B between opposite pairs of cylinder banks, from 
which a portion of the supply is taken as scavenging 
and charging air for the cylinders. The remainder 
passes round the cylinders as a cooling medium into 
the mixing chambers C arranged between the cylinder 
banks alternate to the passages B. Into these cham- 
bers, the exhaust gases are delivered to mix with 
the by-passed air. From these chambers, the mixture 
expands to the cuter air by way of nozzles D. To 
enable the propulsive effort to be increased, combus- 
tion chambers E, into which additional fuel can be 
introduced through injeetors F, are provided between 
fhe mixing chambers and the nozzle. 

In the Junkers scheme and later Campini designs 
the function of the compressor is two-fold : — 

a) To provide the air pressure for propulsion, 

b) To charge the motive unit driving the com- 
pressor. 


The required pressures for both functions may not 
be the same and in order to enable optimum air 
pressures to Fe employed for each function, Frank 
‘Whittle of Carnbridge and later Dr. Eichelberg of 


al 


Zurich proposed to differentiate the respective air 
pressures for propulsion and engine charging. 


Whittle outlined his “Dual Thermal Cycle" in 
1936. All the working medium, air, is passed through 
a lower cycle and a portion of the’medium is passed 
through a second bigher cycle. The lower cycle 
consists of a compression of aïr from atmospheric - 
to an intermediate pressure, an expansion due to 
withdrawal of a portion of the air for the higher 
cycle, and finally an expansion back to atmospheric 
pressure. In the higher cycle, the air was compres- 
sed from the intermediate to a higher pressure, 
heated by the combustion of a fuelfand expanded 
back. The effluent from the motive unit of the higher 
cycle was not mixed with the main airstream but con- 
ducted to an auxiliary propulsion nozzle. 


The plant is contained in a shell À, having a 
forward int:ke and a rear propulsion nozzle, which 
forms the main air duct. 


The lower cycle js effected by an axial flow 
compressor B driven by an axial flow gas turbine 
through step down gearing D. 


For the higher cycle a compression ignition engine 
E drives a centrifugal compressor F through gearing 
G. By intake pipe J; engine charging air is drawn 
from duct H, and the engine exhaust by pipe K joins 
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Fig. 10 The Whittle Dual Thermal Cycle o+ 


the air in duct H, to formthe working medium for 
turbine C. The turbine exhaust gases are led to an 
auxiliary propulsion nozzle L. As in other schemss, 
further heat may be added before final expansion by 
the combustion of additional fuel. This, of course, 
would be provided to carry temporary overloads. 

In the Eichelberg design (Fig. 11), air enters 
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In 1932, the [talian engineer S. Campini patented 
his first jet propulsion plant (Fig. 7) 

In this ambitious scheme, Campini visualised the 
possibility of employing jet propulsion for both 

* Sub-sonic and super-sonic speeds. : 

Air is .admitfed from the annular space between 
the cabin and the enshrouding cylinder.B. This 
space widens out to the rear in order to convert the 
kinetic energy of the air into. pressure energy 
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Fig. 7. The orginal Campini design 


(Recuperator). The air then passes through a two- 
stage centrifugel compressor driven by a radial 
engine D or alternatively a gas turbine. 

@ Beyond the compressor, it passes a radiator E 
wbich also acts as a rectifier, into the wide combus- 
tion space F. Here, in an annular channel of venturi 


shape, the air is supplicd with fuel and combustion . 


occurs at constant pressure and after expansion, t:e 
products of combustion discharge thrcugh the nozzle 
H. The nozzle unit is ärranged to swivel and the 


cross-sectional area may be varied by means of the 
cone J. | 


On starting, thefe will be a negative pressure in 
the inlet chamber between the cabin and the enshro- 
uding ring, and air, can be admitted by way of the 
controlled lateral orfices K. 


For supersonic speeds, the peculiar conditions of 
flow require a duct of convergent - divergent form and 
this is provided for by a movable ring L whicir can 
move forward. The relative wind now enters a. 


funnel which first converges and then widens. 


Fig. 8. The Melot Jet propulsion schemes 

In a later design, Campini reversed the relative 
position of the engine and compressor. After compres- ; 
sion, fhe air passed over the engine cylinders and 
thus the heat absorbed in co-ling the engine could 
be turned into useful account without lowering the 
efficiency of the compressor. In addition, a part of 
the air delivered by the compressor was ulilised to 
charge the engine cylinders. 

A somewhat similar scheme was p'oposed in 
Germany by the Junkers Company. M employed a 
multi-bank radial 2- stroke engine as the driving unit 
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December 1945 


1) “Particle size in silts and Sands” 
R. Glossop & À. W. Skempton. 
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by Messrs 


à A a > 
a ol dou Jets I lip dle AU sde 
Ge de sé Je las duos, Lactell, ARR 
garer A ir Jatecrate KI Lie ce dlerl A! 
2) “Construction of a Heavy-Duiy Concrete Run- 
way’ by Messrs. R. Struthers & John William Lovatt. 
… Liélo sé or le 4 eo L dülloie 7,55 
ais äte D le de, qi dece O8 Go Gb A Ge 
Ye isob vec Gye M dé ji sul & s"..2W 
cË ho pos Jan mes KT Eee il à 
aus dite 1 ) de Ds 35 me 43e ne F 
Jaé ef ls Gall el ce lt GE be y 
aps Le Le ji Je Jheoy ve» cena 43 Ge 1 
« Voy vA er de LU do si fe fe... 
“ Proceedings- American Society of Civil Engineers" 
November 1943. 


1) “Balanced Design in Urban Triangulation” 
by Charles D. Hopkins 
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All cäl 
A PT I vest 
Lab Re Le 5 SU cote delle ed se 
ie LR dlS, JUEŸI 54155 LR Liens ot 
5 pl KA le 
‘Journal of The Institute of Civil Engineers” 
November 1045. 


1) “The Reconstruction of Diyala Weir” 
by J. D. Atkinson & G. Cardiacos 
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2) “The Still- Water Pocket Principle’? 
-by Phillip Claxtor 
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a ob ob Le 6e jago &e url deb 
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45 gè to eu url 
January 1946 
1) Technical Survey—Brookiyn Bridge After Sixty 
years. À Symposium. 
Sa SI Vie yo per le %e 3% Ge 3e AU js 
i-t2 4e M UN Ga Ù 1 Et 4 ap) Glalt 
shit, kr 5,41 4t,s prail € à Las AD 
Se EG Lot ST, La At slt, SI 
Ge à dal Gal JL Ge isa ele Gi 
.S AI une pr LÉ 5 Sy pa) 
Civil Engineéring (American Society of Civil 
Engineers.) 


a) October 1945: 
1) “Railway Roadbed Stabilized with Portland 


Cement Grout.” by Arthur J. Boise 
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2) “New Cantilever Carries Southern Pacific over 
Pecos River” by H. J. Engel 

oc AT Lau) GL Jah 29 > 5515 ce et 
sat 45 of jé cu ET es Sy Si Jai A 
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RUMEUR 
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* “Drainage of Clay Strala by Filter Wells” 
by Ch. K. Terzaghi 


out ll En 
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en pri Eu LI Lu UN Gen 20916 a éaill a 
A all SN Ji us wie) à 
2) “Shipways with cellular Walls on À Mar 
Foundation”’ by MM. Fitz Hugh & Others. 
LU GE je Ge cle QU D 4 AU oja G 
OM at 5 fl JA ab 329 eMarl us celel Je 
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8 ble Lien Ge cd Ve 3: cl 44 58 
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292 cal LS Proceedings | Ge 1Ago à 
AY ce TS of AU sds DE où 5. Terzaghi 
Lo EL GR at 5 LUE A 8 pu pue Ge st 
JL 4351 OU 

. all ei Ji 
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December 1945 

1) Uptift Pressure in and Beneath Däams : À 
symposium by Dr. Sèrge Leliavsky and Dr. Mohamed 
A. Selim. 
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Jai de EU Ga Chassul G Jet} 2 Ji 533 
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2) “Determination of Pressures within a siphon 
spillway'’ a discussion by Mr. A. Shukry. 
GA AUS id aile Go RE el ui Ÿ SS 
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Bis Les & ll ON Le 2 a SONG 5 ll 
La D © 55 6. sul Lil 1, JR JL 
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Januarz 1946 


1) “Spillway Gates and Equipment on TVA 
Projects” by Kenneth C. Roberts. 


db 5e else 8 so el 83 7 de ee cl 
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A5 3 Li dant A Le, so sf his dax 
EG nËs pal opaiye er of AL e56 p seul es 
. 3 ol eus} r 
2) “Design of Bridges Against Wind” 
by Dr. D. B. Stienman. 
gratis Llu GS YU ALL 5e dut he eds 
es qu Qege ant GUY oyall Let 
M Je Ji AU ode à CAM A ous 5 2 dial SI 
se AS dd GAS Ge gs Via pri d kel] Le 
ZA sa Jai 
: E325 d Eaal 


dns ill si d° An és, se 
cle ge Jls 332) de FE Uläls 
. dll arr ob » Ba ces) EPp> 
Engineering News-Record 
Mc Graw-Hill & Co. November {5th 1945 
1. “Structural Behavior of Fontana Dam Recorded 
by Dual Purpose Instruments” by W.R, Waugh 
BK 42) Cela 55el eut 48 L Alalleis cas 
Wei J} Lai LAS ta Le AS LUN » 421 


SNS > all Al 8 5e Ÿ ce &. (uptit el Ge 
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goes LAN 4 LS 255 SU 7 à 
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gt F dé Je 47 à cé ê ii late ges) 
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4) “Performance of TVA structures Studied”” 
by G. H. Hickox 
nl OR AU üÙ dl à SNA Je RÉ 


gb! 632 Vis Jef Li] ie 5e Ÿt et UN Je 
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Pb er © à si 4 JD + Bkæ ile Ki eat) 5 
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b) November 1945 : 


1) Protecting Upstream of Kingsley Dam’’ 
by H. H. Jewell 
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dy au pipe Ki de der Gt DJ Ge 
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2} “Design of Spiral Spillway Chutes” 
by R.A. Hill & D. C. Mc Conaughy. 


ali Jai Caaxl ol las gi AU ed 

Qe lacet auter Gil LS NI AT D ad Li Je 
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3) “Torsional Shéar in Girders of Skewed Concrete 
Bridges” by À. L. R. Sanders 
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SU SN A ANAL ji. A 24 4) abs 
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2. Brieï review of wartime development of military 


road vehicles I.A.E. Journal. November 1945. by 
Bred.K.M.E. Hedges. 


NL ll hit Ji la G Ai A 7 À 
aa ss Age s para Ge oule SA G cure 
be Fos dci el all 
3. The application of faburated constuction to 


machine design. Journal 1. Mech. E. December 1945 
by F. Koenigsberger. 
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2) “Colurnn Stress by Successive Deflections"”’ 

by Prof. L. T, Wyly. 
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Concrete & Constructional Engineering... 


January 1946. 
1) “Diagram for calculating R. C. Rectangular 
Beams” by B. Veliki. 


Lez our lt je AU je al AS Y 
2) “Prestressed Concrete, some new Developments” 
by G, Magnel. 
QU je eat 359 OLA Le g eYlall EE oûs 
sd o5le, 6 ON Ji Je Ÿ le à ia ele 
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1) Some problems in the successful development 
of a high duty Engine. !. À. E. Journal, October, 1945, 
by A. Towle. 
Glscg SE JA Je! sell Ja! Le à 1 5 
est M JU FUN els SA FLY eleut Ch 
geu aol, Ait QUI QE Lt LE Lu 
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Lidl, 5649 dy cu 3551) ( vapour lock ) Sal 
DRMIRETS| 
7. Employment of Electronics for affecting tire 


Vulcaïñisation. S.A.E. Jotirnal. March, 1945, by 
C.W. Vogt. 
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5 V3 os let slot de sieste 
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8. Possibilities of gasoline engine development. 
S.A.E. Journal. March 1945. by Forest. S. Baster. 
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9. Aluminium and the automobile engineer. L_A.E. 
Journal, January 1946. by Dr. E.G. West. 
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del an A à Ali &LE Jet on à die 
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4. Condensing Locomotives. Journal 1. Mech. E. 
December 1945, by G.V. Lomonossoîff. 
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5. Lessons from aircraft engines applied to heavy 
duty ground vehicle engines S.A.E. Journal, February 
1945, by Vencent C. Young. 
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6. Vapour lock tests on ordnance transport and 
combat vehicles S.A.E. Journal, February 1945, by 
Walter G. Ainsley. 
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16. Cromôl crankshaîts. 
Dec. 1945. 
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Automobile Engineer. 
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10. Cold metal spraying and its application to 


internal combustion engines. Diesel Engines Users 
Association publication, April 1945. by V.G. Young. 
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11. Corrosion preventives ‘steel. June 11th. 1945, 
by J.R.C. Boyer. 
dass dell el ce JUL Lie C5 & 
ptit d} 141 0 PET fall 4e le ooûlt lé à 
SAS ele coll) Gaull Gus let Dur ile 
. dl dE 
12. Self adjusting hydraulic valve tappets, Auto- 
motive Engineering. October 1945. 
38 9h bal ce plitie Jul ie GT Le 
es Fissis Josts d bals 
13. Power steering for automotive vehicles. Auto- 
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CONCLUDING REMARKS 
In conclusion, it appears that jet propulsion has 
come to stay and that it will have a profound influence 
on every aspect of flight:— mechanical, structural 
and aerodynamic. = 


. The jet engine will not revolutionize aviation over- 
night. There are many problems still to be solved 
but most of them are those of development and no 
serious disadvantage from a theoretical point of view 
presents itself. 

It is not inferred that the reciprocating engine is 
dead or even dying but, for the large high speed 
aircraft of the future, jet propulsion offers greater 
possibilities than the aircraît driven by airscrews. It 
marks perhaps the most radical development in 
aeronautical engineering ever since that fateful day 
of december 17th. 1903 when the Wright brothers 
made their flight. 

It is possible that, by removing one of the maior 
obstacles in the way'to very high speeds, jet propol- 
sion may eventually open the threshold to supersonic 
speeds. Beit as it as it may, there is hardly any 
-doubt that the partnership between the jet and the 
turbine will prove even more prosperous than that of 
the reciprocating aero-engine and airscrew- 
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expand again. In this thermodynamic cvcle, heat 
is transiormed {nto work so that the air finishes up 


at a higher velocity than that at which it started thus. 


producing a thrust which may compensate partially 
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cor wholly for the frictional drag of the radiator. At 
speeds of about 450 m.p.h., the net result should be 

a thrust ; thus for high speed aeroplanes, the cooling 
system may become an asset rather than a lJiability. 


SUMMARY OF POTENTIAL ADVANTAGES & 
DISADVANTAGES OF JET PROPULSION 


‘Summing up the most important advantages of 
Jet Propulsion :— 


1. It affords a great opportunity for simplification 
in the power plant inslallation and the power 
developed is applied in the best possible way ie. 
directly. 


In other words, jet propulsion marries the propul- 
sive cycle with the thermodynamic cycle instead of, 
as is the case with the engine-airscrew combination 
divorcing the propulsive agent, namely the airscrew 
from the thermodynamic cycle in the engine. 


2. Itis less critical regarding fuel. Cheap low 
grade, high flash point (so called safety fuel) can 
be used greatly minimizing fire risks and troubles 
due to vapour locking. 


3. Jet propulsion delays the limitations of speed 


-dictated by air compressibility by eliminating the 


propeller and bulky engine nacelles, the worst offen- 
ders in that respect and enabling the use of power 
plants of excellent streamline shape. 


4. By employing rotary components exclusively 
in the power plant, it enables much higher operating 
speeds with consequent reductions in size and weight 
as compared with reciprocating engines, particularly 
for great power outputs. , | 

5. The absence of the aiscrew enables the aircraft 
to be of —ow build resulting in a much lighter and 
simpler underçarriage. 


6. lt will provide less restrictions for the location 
of the pilot and hence improved field of view. In 
addition, there will be less restrictions for forward 
mounted armaments in the case of military aircraft. 

7..it is particularly suited for high altitude flying, * 
without the need for complicated supercharging ins- 
tallations. 

8. The jet plane is pate free from the 
vibration of the conventional engine and propeller | 
and the noise is less irritating. 


Dsaid vantages 


On the other side of the picture, the main disadvarr- 
tages are :— 

1. The excessive fuel consumption, which at 
present drastically limits the range and . endurance of 
jet propelled aircraît. 


2. The turbine jet propélled aircraft is inherently 
inefficient at low altitudes. 


3. It is also very inefficient at slow speeds 50 that 


the take-off and climb characteristics would be poor 


necessitating provision for assisting the take-off and 
initial climb. 


A. The turbine jet propelled aircraft is not suit- 
able for small power outputs and would therefore 
appear to be out of question for small aircraft.” 


5. The starting of the turbine plant requires. 
special installations ie. electric motors or a large 
supply of compressed air. 
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Speed. 


”” Speed has always been rather like a drug: the 
more we get of itthe more we want, but, like all 
drugs. it is very expensive. Under given conditions, 
and disregarding for the moment the limiting effects 
of compressibility, in order to double the dose of 
spted, one requires 4 times the propulsive force and 
8 times the pawer. This is the reason why modern 
fighter alrcraft, with about twice the power as at the 
 outbreak of the war, have top speeds only about 
25 % greater and this in spite of considerable 
refinement. 


The ordinary piston engine +- airscrew assuming 
that the propeller efficiency could be maintained with 
increasing specds, which is far from being the case, 
would develop a constant power irrespective of the 
forward speed. | 


In jet propulsion, the power is a function of the 
mass of air handled and the velocity so that, provided 
ät is possible to handle the large masses of air 
involved and ensure satisfactory combustion at the 
ænormous rates of heat input and high intensities 
sequired, the power that could be developed would 
increase with increase of speed and the law of 
variation would thus be more in line with that of the 
power required. 


Size. 


Aircraft of 80 tons all up weight are already with 
us and aircraîft of twice-that weight well in the 
blueprint stage. It is'estimated that an aeroplane of 
170 tons would require a total power output of around 
30. 000 BHP. Such a colossal power output would 
have to be generated by a small number of relatively 

fight and compact units (perhaps.6 or 8 units in this 
case} preferably completely buried in the wings. 
30.000 BH1P., to quote a familiar example, represents 
about the combined power output of the whole North 
Delta Electrification Scheme i.e. the aggregate power 
output of all the units of Atf. Belkas and Seru 
power stations with all their complex installations, 
boïler houses etc. 


The Gas turbine would certainly prove a very 
attractive power plant for such aircraît and even, 
bigger ones {o come. 
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PRINCIPLE IN MODERN AIRCRAFT 


The normal aircraît engine discharges as waste 
heat about 65 Z of the total energy of the fuel. The 
jet propulsion principle employed in the form of 
“Ducted Regenerative Cooling” and “Ejector Exhaust"” 
has provided very interesting means of : Overcoming 
parte of these losses. 


Dasteë cooling aîr, cuîng te 1ta 1ncrsuseû momentus 
gives forward thrust compensating partially or 
w2olly for the àrag et the rad{ator. 


QUCTED RRORNERATIVE COOLING — WING & FUSELACE LAYOUTS 


LR) 


Fig. 2 


Ducted Cooling 


The cooling of serc-engines has always constitu 
ted a major problem to; aero-engine and aircraît 
designers. Not only had they to accept the penalty 
df-the enormous amounts of heat to be dissipated in 
cooling engine parts to acceptable temperatures, but 


‘ they had to provide sulficient cooling area in the 


form of radiator or cooling fins and this of course 
increased the frontal area and drag. 


A modern fighier aircraft for example requires a 
radiator having a cross sectional area of about 3 sq. 
ft. Such a radiator placed squarely in the slipstream 
would produce a terrilic drag and cut the lop speed 
of the aircraîft by almost 100 m.p.h. Now, if the 
radiator is enclosed in a duct of suitable shape, 


having a divergent entry and convergent lunnel 


behind it, the air, according to. Bernoullÿs theory, 
will be compressed by retardation in the divergent 
part, heated up in the radiator and allowed to 
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bct so would the power required for a given flying 
speed. In other words, a jet propelled aircraît gains 


speed at higher altitudes because drag is reduced. 


while the efficiency of the engine is improved because 
îhe temperature and pressure drop across the {ur- 
bine is increased in the less dense and colder air. 
The example given by Air Commodore Whitile before 
the Institution of Mechanical Engineers illustrated the 
æoint very well :— 

Assuming a maximum temperature of 1100 C. 
abs. and an adiabaïic temperature rise in the compre- 
-ssor Of 200° C. and reasonable compressor and 
turbine efficiencies (85 % for the turbine and 70 % 


‘for the compressor), the overall efficiency and the 


BHP/lb. of air per sec. at sea level and 350C0 ft 
«would be :— : 


Fig. 26 
Sea level ‘35000 ît 
ÆElficiency : — 18.45 % 27.0 % 
‘59,3 BHP/LBof air/sec. 98.5 BHP/ib./sec. 


This represents an increase of efficiency of 45 Z 
and in increase in power per Ib. of air per sec. 
of 66 . - | 

5.  Considerations 
-reliability. . 

An aircraft engine is a beautiful thing and perhaps 
ithe highest expression of man's engineering ability. 
“Vet, one cannot repress the feeling that it is all a 
“very complicated beauly. For example, the Rolls 
Royce Griffon engine already referred to has nearly 
11000 separate parts and, Were it not for the modern 
production methods ensuring a great measure of 
“nterchangeability, the task of assembly and maïinte- 
.nance would have been uiterly impossible. | 


of, economy, sémplicity, 


As forthe fufure requirements, reasonable estimates 
according to sir A-H.R. Fedden suggest that engines 
of 3500 BHP will be demanded by aircraft designers 
in 1950 and units of 8000 BHP by. 1960, In such 
units, the number of parts would assume staggering 
proportions and, if they ever materialise, they would 
be very costly and extremely complicated. 

On the other hand, the turbine jet plant would 
be much simpl-r and more reliable as it comprises a 
much smaller number of moving parts. : 

Further, it is comparatively free fromthe vibration 

of the convenlional engine and propeller; apparentiy 
it was necessary to fit a vibrator to the instrument 
panel of the Whittle-Bell-G.E.C. jet plane so that 
the pilot would be assured that the instruments were 
not stuck. | 

In addition, the deep muffled roar from the jets 
is less irritating than the noise of the conventional 
engine-airscrew combination. ‘ 


Fig. 28 


C. FUTURE POWER REQUIREMENTS 
FOR AIRCRAFT 


Effect of increase of speed and size; — Suitability 
of the turbine jet plant. . | 

The trend in aircraîft development has always 
been and it is hoped will continue to be towards the 
increase of speed and size. Both factors require 
greater power output; considering, very briefly each 
factor in turn :— 


—4— 


speed, high altitude flying machines with endurances 
up to 3 hrs, and ranges ‘of about 1500 miles; the 
pure jet turbine plant will compete with the recipro- 
cating engine and propeller and this is ideally suited 
for use in fighter, very fast medium bomber and 
special purpose civil aircraît. 


* Most recent examples of military jet propelled 
aircraîft are in the short range, interceptor fighter 
class where the ability to engage the enemy as 
quickly as possible is of paramount importance. 
Examples of such aircraîft are the Whittie-Gloster 
aircraft, tbe American twin-engined Whittle-Belk 
GE. C. fighter and the German Me. 262. 


Quite apart from considerations of economy, 
excessive fuel consumption constitutes a very serious 
disadvantage in the case of aircraît power plants 
since the fuel weight may be several times the power 
plant weight and an important fraction of the All-Up: 
weight of the aircraft particularly, of course, for long 
range machines. Broadly speaking, the modern 
réciprocating engine would consume its equivalent 
weight in about 2 hrs. whereas the simple turbine 
engine (assumed to weigh half as much asthe piston 
engine for same power output) would consume its 
equivalent weight in under half an hour. 


The improvement of the thermal efficiency of the 
turbine would therefore be of tremendous importance 
and wouïd result from :— 


a) The evolution of special alloys able to stand 
higher temperatures for prolonged periods. 


& b)the improvement of cycle efficiencies by 
ütilising part of the heat of the exhaust gases of the 
turbine to preheat the compressed air at a point 
between the compressor and the combustion chamber 
as already pointed out. 


There is no doubt that considerable progress has 
already been achieved in both these directions though 
information is at present very scanty. 


Another important aspect of the fuel problem for 
aircraft use concerns the properties demanded from 
the fuel. 
turbine jet engine may be extravagant in quantity 
- but it is far ess particular about the quality. The jet 
power plant should be able to operate on kerosene, 
diesel oil or some other high flash point fuel thus 


In comparison to the piston engine, the . 


Cell. o7 


minim ising fire risks and troubles with vapour RENRE 
in the fuel supply lines at altitudes. 


3. Specific frontal area and shape of power piant. 


The turbine jet engine scores heavily in this. 
respect, the specific frontal area being a fraction of 


et 
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Fig. 25 


that of the piston engine particularly at the huge 
power outputs likely to be required in the future. 
Further, the shape of the turbine jetengine lends itself 
readily to better streamlining or installations totally 
submerged in the wings. 


The body or fuselage shape of single engined 
fighters for example is dictated mainly by the shape 
of its power plant and the use of the turbine jet 
would result in a considerable improvement as isthe- 
case with the Whittle Gloster aircraîft where the fuse-- 
lage is of almost perfect streamline shape. 


Incidentally, such à refinement would bring about 
a greatly improved field of view for the pilot and. 
less restrictions as regards forward firing armament. 


A. Performance at altitude. 


Jet propulsion is particularly suitable for aircraft 
operating at high altitudes. The overall efficiency 
of the turbine increasses in rising from the ground 
to the stralosphere. Of course, the total power 
“output would fall off due to; the reduced density; 
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and its specific weight, one of the lowest yet reached 
îs 1.09 1b/HP. Unfortunately, there are definite limits 


to the increase of cylinder sizes in afrcraft power : 


plants :— 


a) Any substanfial increase in the diameter of 
individual cylinders involves structural and cooling 
difficulties. 


b) An increase in the length of the piston stroke 
wo uld raïse inertia loads and result in unfavourable 
piston speeds unless the rotational speeds were reduced; 
either would lead to an undesirable increase in the 
specific weight thus rendering the engine less attrac- 
tive for aircraît installation. - 
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Fig. 22 


Thus for more powerful engines, it appears inevit- 
able to use a larger number of cylinders resulting in 
<ostly and extremely complicated power plants. 


Turning to to the simple turbine-jet combination, 
. the specific weight can be extremely low, The 
installed weight of the power unit may be less than 


half that for an equivalent piston engine plant. This - 


is of course due to the absence of rubbing contact and 
the purely rotary motion enabling power to be 
generated at very high rotational speeds so that huge 
power outputs couid be obtained from relatively light 
and compact units. | 


The low specific weight of the simple turbine-jet 
unit is an important factor though it is at present 


call 


greatly overshadowed by its high specific fuel 
consumption. 


2. Specific fuel consumption and fuel requirements. 


Probably the main asset of the reciprocating engine 
is its 1ow specific fuel consumpiton and in this respect 
the gas turbine may take some time to catch up. 
Conscious of this fact, builders of reciprocating engines 
are feverishly exploring possible means of further 
improvement in this direction such as the use of high 
compression ratios; exhaust turbos, fuel injection etc. 
The introduction of much improved fuels such as 
“Triptane” which in conjuction with the addition of 
Tetra-Ethyl lead, might allow the use of compression ‘ 
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. ratios as high as : 10: 1 could radically improve the 


possible power outputs and specific fuel consumption 
attainable with a given size of engine and thus avert 
the early defeat of the piston engine. 


As regards the turbine, the high specific fuel 
consumption results from the low thermal efficiency 
consistent with the use of workable femperatures 
at the turbine blading and the improvement in fuel 
consumption does not appear bound up with the 
characteristics of the fuel itself but rests almost 
entirely in the hands of the designer and the 
metallurgist. 


It is difficult to make a direct comparison between 
the fuel consumption of the turbine jet propulsion 
unit and that of the conventional piston engine. with 
propeller, but broadly speaking, at cruising conditions, 
it is of the order of 2 to 3 times as great at the 
speeds and altitudes which are considered normal 
practice with the reciprocating engine. But, for high 
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JET PROPULSION AND THE 
AIRCRAFT POWER PLANT. 


The protagonists of the aero-engine are certainly 
alive to the possibilities offered by the turbine and 
are determined to fight it out to the better end. 
Eventually, the gas turbine maÿ take the lead but it 
will depend on the energv and drive of the aero- 
engine designer as to how long this Jatter form of 
‘prime mover can maintain its supremacy. The rivalry 


buiween these two lypes of prime mover should. 


certainly prove beneficial to both of them as has been 
the case with the reciprocating steam engine and 
the steam turbine. Sir À. H. R: FEDDEN suggests 
that the next ten to 15 years will witness the gradual 
decline of the piston engine in favour of the gas 
turbine and he suggests that-builders of laige engines 
should make hay while the sun shines. 


To-day, the reciprocating À stroke cycle engine is 
favoured for aircraft propulsion as a consequence of 
ifs advanced stage of development. Such enormous 
amounts of time, encrgy and moncy have been 
lavished an research, experiment snd testing of this 
tpe that at present, it is the Lest proposition. 
Principles of design, construction and operation are 
well established and the weight, performance. and 
reliability of any new type can be closely predicted. 

On the other hand, until comparatively recently, 
little progress was made with the sas turbine as a 
prime mover in the aircrift field mainly an account of 
the limitations imposed by the materials available. The 
muchanical engineer was waiting for the metallurgist 


to develop a material having semi refractory preper: 
ties and yet capable of standing for prolonge® 
periods, the high stresses involved. Recently, con 
Siderable strides have been made in the development 
of special heat resisting alloy steels for use in turbine- 
blading. Exhaust gas driven turbo blowers for aero-- 
engine superchargers have been operating at tem- 
peratures as high as 1000° C. under high centrif—: 
ugal stresses and speeds up to 600 revs per sec. at. 
high altitudes. It is of interest to note that at very: 
high altitudes, certain portions of thc rotor may be: 
exposed to temperatures as low as— O°C. 

In a comparison between various power unis for: 
aircraft propulsion, tlie most important criteria for the 
suitatility of a power plant are— 

1. Specific weight i.e. weight per HP. 

: 2. Specific fuel consumption (i.e. 1 L/HP hr} and: 


the fuel requirements. 
7 3. Front.f area per HP and the shape of the: 
power unit | 

4 Performance at altitude 

5. Considerations of economy, saftey, reliabilitys. 


comfort e.c. 


L Specific Weight. 
The conventional aero-engine has about reached” 
its climax as regards specific weight. The latest liquid 


. cooled engine to come into production is the Roits 


Royce Griffon, a 12 cyl. V engine producing around: 
2000 HP. ie. a little 1es than 170 HP. per cylinder.. 


I has a bore and stroke of 6 and 66 in. respectively. 
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In conclusion, the Commission would like to add 
that they are impressed with the advantage to you: 


country which is likely to result from carrying out 
this important Scheme. 


cn act} 


Mo See es 


GE NE de 


else 5,52 Ge taie A Gr 25-41 la 
. otes AM hat JS El 52 Lette Vs LA 2 al 
Je Les loto sil del Xe Lels li Bb 
Jade 15e pas ogéqases les el Aa je al 
WE SL ST, ass art 5e Lil 

LE pots SA of Sp Li cubes 
LU pi hole pe 8 GK 

SU US A de 6] 7 À dE jar dj 
8 on le 1 ce Vi 27 LES Y Je of, java #- 
La aol GA Lai V pue s JON ve de ÿ ed 
AI JE el GE ous AU oo, . lle 623 d} 
«AS 699 ai J} pl 3e Atlas 

do éonllèire di CU à SAN 5 2e ploe SO 
geili cpl 5 Ge US Je ous SUN à lle 
Les Rep dr io 

SUN GAL Le Got clous GAL At lé au 


HA eue LU LUN D lt œuf jara à 


lé AT G Jan 5 5 os GA ps eV du RU 


Lei de Le QU SN de ce 34 AU 5 LE 
Le DIE odue Kiel je cit) 4S 3... dirt, 
Loge a le Qi, M he à 9 ei (os À A5 
ee A QG Ye ad J] SN Je air 
LES ges ho ps EN did els GI AE Jai 
ul: je dede MN AL Lufé 35 are à 

. Li alké 241 Liesils 


8.) äte oi RE Veil y à 
. 385 ile yet MER 54,11 LC 


euh ce GLS aj ol sseplile > 
cb il voi di gté ose oi 35e 5 A 5,0 dou 
ca} ce El SES pèss SN vie U of à 
SJ 5 slt Geo. Lie ch dl g.. el Gi ss sui, 
on sheet ge U de sute N6 eu SN 5e Ouf 3 5 Jobs 5 
fe ie 

a S AU Gel es Ref œusx SU Je À 
ce AI 91 9 les A 3 les Al EE ds ps 
DS eu Si TS cab Ÿ 3 21 nes KEY LU als 
| «Gt HE pri 

sell US ou ols due last 461 Je, 
are JE 415 yeblé ets tit Ci 
À ue Etes 

EU lil 55 SA pô pe féts 
sr 330 À si À el Dsl ss de all GA ie 
à PE AR Vi jië à day ll cela 
die del #0 dust At of a51 fl, ke 
Le pordl 5938 9 dus ue tp) Sly. Fe 
a 21 5 D dll Je JAI 45 Ge an de J ÉbS 
ne Au Le onls du Où ui, 2 G 
Lu west hd de as à all of ui ch és als 
au jà F0 %s ad Vila La êe jan À } 
2 Haut JUN A ge als Ju SG diet 
alu ÿ de ét sil PEAU all &e ce Le 
Er A Sy di le ésèadetr cé 
3 grlalal gi Lei 

à dei Let Je » AUX Less Li olu; Lbss 
Le Las eh D a à Sa 3 ce 
KT Te) pté 1 

sw np. 


“né 1 l\ 


““Ægypt is. most fortunate, however, not only im 
having the power available for development at Aswan 
but still more in baving such an important and- 
productive use to which the power can be put and- 


one which would give such a Satisfactory relurn to. 
thè nation. 
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The second question on which the Commission is 
asked 10 give ëls opinion is : — 

H  Whether the method of attaching the thiydro- 
electric installation to the Aswan Dam, as propased 
by the Mechanical and Elecuical Department, would 
in any way affect the safety of the Dam. 

«lt is proposed to abandon the existing sluices and 
to instal rew sluices cliding in grooves atfached 10 
the waïier face of the Dam. This involves the cons- 
ruction of an apron on which the sluices would 
cluse, and in order {o prevent percolation cf water 
under this apren, it would be necassary to excavate 
.rcck in immediate proximitry to the upstream face of 
the, Dam. This excavation might open up cracks in 
the rock, aliowing water to percolate under the Dam, 
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+‘ thereby reducirig its stability. This scheme of grouling 


set out in the Specifications cannot be carried out 
with absolute sefety. In the opinion af the Commis 
sion, no work would be carried out which might 
destroy the impermeability ofthe rock below the Dam. 
An examination of the drawings shows that n9 
adequate arrangements have been made to allow for. 
the movement of the pipes in the culverts due to changes 


of temperature, withont throwing stresses on the Dam. 


When Dr. Abdel Aziz appeared before the Commission 
he presented drawings which showed certain modifica- 
tions in these arrangements, but these modifications 
do not entirely remove the objections of the 
Commission.» : 
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2) “Shrinkage and Plastic Flow of Pre- Siressed” 


Concrete” by H. R, Staley & D. Peabody, Jr. 
de se ü AS ge à AU J Ye Ye De al 
ET ES Je} a gi dl a ae p5li) J | 
Lt JT AVIS LE DU sie Ge, el) bal 
Le AL GY du Le sf ai LAÏ po Ji pe dl 
ii ge JT Se VI lis Ga de A AS V9 Ÿ 
des il ai Li 2 fe Jlieslal ee 
by m3 Al 10 À dit. Jj AY Le dl 
 <iuJ 
3} “Proposed Minimum Standard Requirements for 


Precast Concrete Floor Units” Report byACI 
Committee 711. 


pes par la late GS € pre A Lia 
Er Be Jette à 38 dd LA Lila 
Stat 


gai . 
PET 


The Structural Étens J. of Inst. of S. E. 
England janucr;, 1946. 

1) “An outline of the History of Road and Bridge 
Construction” by T. B. Richard. 
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2) “Corlinuous Beam Analysis By The Moment 
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1) “Aluminium Alloys and Their structural Use” 
by H. K. Hearty and C. G. Watson. . 


| prie CE Jb es dr Tadé ÿ lil) sis al o] 


5 enter 13 5 ol dl ais", Jaalt Ha af) 5 
orde PS Lea SE, act ele Ÿ) À par 
ot JS HE ce dj as us 


Lee es JN de 254 ol Lehs Zradl 


- Lil et sal YA S Hall ous Vu à as 

La es SI GA ie AS a ns 
| | RAERTS 

AAtebelat à et MAT sie Ge JU 1 LI 


ga, UN 7 eteardt Tail 


& Lo M os et çe j Lale OÙ A 5355 


Mestre ON lis doade ILeMiS, deleal 


. ÊS gel 


er ce gs jé Lel als Lil eue 
Las au 
2) “Some Sea Defense Works for Recliimed 


Lands” by Charles H. Dobbie 
| À il Lr wall & y) JeŸt au soda gel 
APTE . ht ue 8, 0 SÈl EU 6 Le à , A 
ist 5 US, WA SL, LUN def A te 
ain + cr A Je Ÿt vs bé set UN Er feel 
eesl © © ses A all aa 53) cr .. . ah 
‘ 34.41) >s4s 


3. “The Design, Construction, and Operation of 
a Water-Treatn:ent Plant at Mufulir a Mine, Northern 
Rotesia”. by Kenneth Paterson. 
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1) “Earth Pressure and Earth Resistance" by 
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Lower Mississippi River” by Charles Senour 
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3) “Design of Bridges Against Wind” 
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1. Diesel Engine Bearings, Discussion of failures 

and progressive inspection methods. by : 
L. M. Tichvinsky. Mechanical Engineering, 

May 1045. 
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3) “Londslide Investigation And Correction”? 

: by Nyde Forbes 
ce àLJ Jess asset lis de 8 
ais ee Ai job 7e übée doi eV 


legs a g eus HS Jell 3e 450. . We 


SUN F5 pe I YU pl Je Le cul 5h 
PER Fe les Yi Ua JUN ee, à 
able Viens ALU SG de de vue 5 
D 4 Les Le de dot 
cal d SA  < Sbtl oi ok Lait ana ee? 
pl Lil ÿ A Je sal 


.# “Strength of Thin Steel Compression Flanges” 
= by George Winter 


ddl pi ce nue Ji A] os diet. 
JU ec] matt plulll 5f 53 Le 1 dut y Le] 
JE: sin pl eg poil d ou le] d] 


€ Thin Jia le Lis a ol eds 8655. sxadl 
Ve al jou je Vas did 4 cé wide flanges 


509 1 Bat) JRLŸ de ce 5 Se ol 
LI ol, boul) s s salle 33952 dé © d 3] 


—\\ 


6) STRESS ON PILES DUE TO MAXIMUM LOAD/NG. 
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ASSOCIATED BRITISH MANUFACTURERS 


(EGYPT) LIMITED 


Building “B” -Sharia Emad el Din 
CAIRO. — C.R. 45 


Brimingham Small Arms Co. Lid.—Smail Arms, Caros 
& Lorries for Military Purposes etc. 

British Insulated Caltender's Cables Lid.—Manufaeturers 
.of al types ot Electric Cables, .Contractors for Grid 
. Mains H.T. & L.T. 

Dorman, Long & Co. Litd.- Guiders, Bridge Work, 
Suuctural Buildings etc. - 

The English Electric Co. Lid.-Steam Turbines, Water 
Turbines, Oil Engines, Switchgear, Transtormers, Electric 
Plant & tquipment for Mills Factories & Workshops, 
Electric Traction for kail and Road Transport etc. 

Thos Firth & John Brown Ltd. -Corrosion—Resisting 
Steels, Files, Siws and all High Speed Steel Tuols, 
Castings & Foiginus. 

Firth- Vickers stainless Steels Lid.— 
Steel. 

Glenfield & Kennedy Lid.— water Meters, Sluice Gates 
& Irrigation Machinery. 

R. & W. Hawthorn Leslie & Co. Ltd.—Ships, Marine 
Engises & B ilers, etc. 

Huohes & Lancaster Lid.—Sewage . 
Specialists. 

Hurst, Nelson & Col Lfd.—Railway Rolling Stock. 

Îhe Pateson Engneermg Co. Lid.—-Large Filter 
Installations & Waterworks, Bath Water Purification 
Plans, Chlorinators & Water Softeners. Î 

Rebe:i Stephenson & lawthorns Ltd. - Railway FER T i 
tives, Lovcomotive Cranes elc. x $ 


—“Staybrite"” Siainless * 


& Drainage | 
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s5s JE 
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ëL SA JE 
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° FAT A +, ee 
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Se Lei als Go ie 5 45 Lu. Li] er 
Li se Vi els Ball os Le se Go 5 Ÿ 
ds Ê le GET 0303 ES ‘ W} © À gas Yls 
LU, 2 5 ce dl es GA EN 


PAIE 
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(1 dus Je sotil à ) 
Dont et MAN à ar 
99 de 3) 

EE joe SA LU OA dat GUY 3 2UG à > 
PO RAP CET) 
.GJEN SG 

15:25 JDA ose 059 G 6 ar à à LU 
PTANETE Er ol ag Gb os a ani d! Les 
pl geoue yairs on Yëb ol IR Le av. 
Na ir Liz St EH 2 ah old 
.«àJUl 

Js5 lis Se br és ol. el De GS 223 
LAN ebdl je Le te ds J& 6! ça NS. 
DES LL je AS pags de d ie Le Li 


Le à y SA Electrical Engineer Reference Book 


: Power Slation Practice LV Ge AU él 1440 

Rrecent Progress : 

During the past twenty years or so considerable 
technical progress has becn made : in 1926 the highest 
overall thermal elficièncy was about 22 per cent and 
the lowest average consumption of coal per unit 
generaled approximately 1.4 Ib while in 1940 the 
corresponding figures were 30 per cent ànd 0.85 Ib 
In many of the existing stations Îhe scrapping of 


‘ boiler and turbine has thus been justified by the 


advance in efficiency of plant the high maintenance 
of old plant, the possibility of, faiture due ta old 
age and the increased capacity which may be 
accommodated on the same site. 
La Ljus cn Jos rslsa Jobs il + ssûN os 4 
484 Ed Le vao 5 1474 El x gve 
Solrdhes Nos ill pe es : DE ar. A) 9 
ges ir veee OÙ sara es sara ie oh JS 
as AE mRie) c\i Y Dal es of af as 
aile S5s ee Des A ge pe LB clos" 50 
Vinv eee Qhe 206 lSf sara des java eu sil 
bli ie. ge Ge pee} À À ,oëli lie CE CE 
LL QU ll G Jesus dt pad GA V5 
sapade bi j,pres jaro ler 3 10.084151 
Hjoees AA Ex 1,405 14rvaele droes 


Signalman OR RAMEPANS 
Single point FT ss] 
Signal cabin 44 CE AREES 
Signal slot SA SN 
sue de 
ingle line ie Pr 
Single track $ °°" ol 
Slope . Je 
Sleeper EE 
Slack. [EP 
Stiding chair css 
Slip roid das 
Smoke box GBA Gosse 
Sorting group 34 ke 
” Sorting yard Ja us 
Specific resistance: &esha "ll 
* Splice leg su || 
Special siding we dE 


Split stretcher rod 


AEUTE ail of SN ui ass 


Special locking  wpjaki Lis Vi 
Spring point buy 37) 
Spike À tn 
Spring key Jae o#e 
Specific cie effort 
Ba 8 bit ae | 
Square joint sale des 
Stroke jtsta 
Standard guage sb FL 
: Staggered joint ÉTRETER 
Straight blade Lise 37] 
Structure guage CAC ES 


Stepped platform 
_Stiffness. 
Starting signal 
Staff instrument 
DURE 5e 5 Vi je 


2 se) 
PARLER 
eh ste 


Station ie 
Stop signal 555s 26e 9 5355 52 1 
Staff: 5 that 

Stock rail ie Li 
Superheating JE el 
Superheater jt i£ sf ansit jen 
Superheated steam ‘yef JE 
Suspended joint dla des 


© Toe of blade 


' CARNAUE 
Time interval of wagons |ix1 25 
Time interval system à xiü, L 
SV 
Top ballast - LL 
Topographical Surveyail à bel 


To shut de 
Track ne 
Track laying . LUC 
Fractive force ‘5 Lu &YT 3,5 
Trailing point Me ne 0 

Tatin us MMA 
: Trailing wheels &is Cre 
Train on line Ve 1 Ë ei 

Transition curve JU Ge. 
Transport distance JE et 
Traversér du. 


tt, LE-— 
Superelevation Triangle TO 
eh EU sf Qu 5e" ë&s Trap point Loir 39} 
« Superheated engines | Trunk line us le. 
| slt 5 ci bu. Tunnel | GS 
Sustaining wall " Mebe. Turnout: RES 
Supported joint df sf 4, Turntable D osr Aie 
Suburban line : sk Type of loco a Euh 4 
Swelling coefficient Eu: V Ju Tyre du Gil 
Swelling Est 
Switch dbz U. 
Dead siding, +. 9% Underground railway Ga 
| JT. Unloading À 
Tablet &Ticket system Up grade. ae Jufl 
e EVi, Put Gus Ai Up lirie gs Ai 
Tank engine és cs: Up main : . 
Tappet Er Urban Gal jte 
Tender Era se pe | v 
Terminal os af de ‘ 
Three throw Gr) 55 5,2 ti. Vee crossing golf 
Through goods train le ls Vignole rail Jui 55 
Through line Giislsks Virtual coefficient EN Je 
Through terminal station Virtual length "JL 
. aile de ile | 
Tie | 5 W. 
: Timber sléeper . 4e 5 Wagon | ga à» 
Time interval of buffers Warehouse CARTES 


#  Warningsignal sin isaé, 4e 
Water column ol 
Water trough CRETE 
Way & works department 


| Just n IC à ia 
"Wayside station dan su Le 
Wear EE 
Wear and tear : SE. 
Web of rail ET 
Wedge sob 
Weigh bridge OÙ tie 
Wheel pit Ja Lin se 


Widening of gauge AN fl 2 st 
Wing rail 
Wire! compensator 
AURA, elN 35€ Lis 
Working jh tsble” Jin 


ce cie 


_—_—{e 
Line traffic is 
Lining of track 

‘ Fell Ut si Lee] Ji 


D 


Loading a 
Loading gauge ESRE TA 
Local line A 5h Le 
Location PAPE) 
Lock Li 
Lock and block (44), LL, 
Locking ur LU 
Locking bar > 
Locks À 
Loco yards ot Lili ont 
Longitudinal section  J,b g'ls 
-Longitudinal sleeper , ÿ,b +<45 
Loop line wë Lr 
Loop siding Lol de 
Low points Last Lil 
M. 
Machine parts SA tai 
Machine proper Ji .- 
Main line 
Main track - Job is 
Maintenance äLe 
Maintenance office Lai ÿ5 
Map location ail 
Marshalling group 


, 


sr | 3} gai ete. 
Marshalling siding Sp 
Marshalling yard 
ÿ y À is y 
Mass curve KO pis ge 
Mass profile etat pl gs 
Modern joint 


Moment ofinteria Ji ;eût çje 


Moment of resistance  &slll ç5 
N. 

Narrow guage Ge plu 

Narrowing of gaugé en, Des 


Nose of.crossing gel ebliït 
‘Notice board : &5Y 
O0. 

Open wagon 5€ à 
Original circle em Lan 


‘Outer distant arm 


Las &L Li à LS) ny ibe!\ &Li Fe É 


Outward goods platform 
33ball el aus 


an des 4 


otgll 


Outer home signal 2 hole 


Overhaul "ah ja 
P. 

Packing 4h 

Packing bar AS Ge 

Packing piece (ls si à) 


Parcel goods 


SSH 


Passenger traffic 
n'en] 


Permanent way 
Permanent way inspector 


a A très 
Picking up train  tà ob 
Pilotman 7 wgglault 
Pilot working sslall ass 
iston me 
Platelayer iso Re 
Plate-lying KR 
Piunger ob 
Point leg à A 
Point DA 
‘ Pot sleeper tai 
Prestressed concrete sleeper 
[Os Le) saé Gil RE 
Principles of traction & adhes- 
sion el, Et Ci Ls 
Profile db ets 


Protecting walls CPR 


‘Public time table «ose acts Jyxs 


. ©. 

Quadrupling of line  - kit; 

R. 
Rail gap ill 3 à 
Raw goods &L Le 
Rail anchors. is Cll 
Railway Ads We 
Rail clip 353. 
Railway system alt in Ke 
Rack railway. Lis aie Ke 
Rail .. ai 
Rail bender Sad Ja à io 
Rail fastenings LI 4, 


Railway company 2 4€ ts 


Retardation PACE 
Reconnaissance Lee Bt 
‘Retarder à, lee je 
Release locks | LÉ À 


2 
Passenger locomotive ©%,3,Lu7 


- Saturated steam engines 


Releases . DA 
Retaining wall se Li 
Reverse transitions 
Ju be 
Releasing locking 28 L5 
Released by ds, ,# sÙ js 
Rerewals CAFE 
Reception siding Jiii 02 
Réception neck Ji 43, 
RUE siding AE dE 
etarding rail ae 
Retarding jaw ris 
Reception gard Juil 2e 
Reception group ; Ji dt 
Reverse curve D 
Right hand turnont 
ot si Ge plie 
Rotation où 5 


Roling resistance 
cr si put Lt 
Route re" 


Rulling gradient FL oui 

Running edge : ad Gb 

Run round road Spls K 
8. 

Saddle plate 351 of Sels 

Safety point bo 39! 

Saturated steam ue ° 


JS Gt Si LU 


 Screw spike Us je 
Screw dyle us 
Scissors crossover road urè 
‘Scale beam MERE 
Scotch block ut 
Serrated platform dd Le) 
Shifted circle & > 3 A 
Shift : & > 
Shed FFF 
Shed day La ç9 
Shoe brake - el : 
Short sections saailel5 
Shunting neck 339le à) 
Shüunt arm + 833le ie 
Shunter (se) 
Shunting siding DH dE 
Shunting signals 235 Cite] 
Signal slip > je Lai 
Sick siding  . . dgeoz 
Sighting boards. À gilt Gt J 


Carriage à 
Cast crossing ete ph 
Catch point Lis] 


Cattle loading bank tte Lies 
Clearance between tracks 33 


Clip G5,3) 
Coach carriage Hire 
Coach screw gi de. 

Oach wrench ris & | 
Coal bunkers - pl pige 
Coiled key (22e 235) 
Coi! spring (CE CE =) 
Concentration yard pe 
Conditional goods train 

6) pla Ali 

Coupled wheels di Ces 
Crow. bar (de). 
Creep Dei. 
Crew & j 


Crossing stationibuL be ibe 


Cross over road dif 

Cross wise steeper. +2,° 5 

Curve oïler gr Ur 
D. 

Dead siding (ee de) 

Deflection tele 

Deflection angle St sl 435 


Departure neck fl sl a ie 5, 


Departure group 
AAMEFANTE 
Derailing switch Lie pli 
Detector D ds 
Diamond Crossing Ë 
Direction traffic Vs eur 
Disc signal (els) 


Displacement of track Ke 3>-5 


Distance of haul JE &le 
District engineering” 5 x 
Ditch 3e 
Diverging line - 435-443 
Divisionai Engineer elite) 
-Dog Spike dy JL. 
Double headed rail en-l;35 425 
Double Junction À 93 je à 5 
Double slip YU di 
Double slot guet 
Double turnout Ji ri 
Down grade bb Hifi 


Down line, down main Jit ls 


Darw bar . A sye 

Driving wheels pt Ses 
| .E. 

Electric diesel de de 

Electric repeater . 49€ 


Electro-pneumatic retarder 
Lattes JU RUN Led 5e 
Embankment 


+; 
Énd-on platform Dh ne) 
Express service CARPE NT 
: : F. 

” Facirig poiat di 571 
Facing point lock ubs 
Fastenings Lio) 
Feeder line [acte sf gçiu Li 
Fieïd location 54 

Fine point of crossing | 
te] da Ke 
Fish belly rail SM Cle Lans 
Fishing of rails (a) Sr 
Fishplate (Gh) 
Foot of rail ile} funiliaeb. 
Formation , Ks tt 
Fouling point. ” gai bi 
Freehaul pol JE 
Freight track ge ds 
‘Frequency of service 25,527 
Frog Lu 
unie railway JL CN 
G. 
Gang & 
Ganger Gus) Le 
Gauge COR 
Gauging EN 
Gib (us) 
Goods locomative gl 3 Lt 
Goods siding pla de 
Gravel ge si Li; 
Gridirion 722 
Grip gauge rail . E=5Vi Qplèe 
Guard rail (i> ll) 
| H 
Halt id + 
Hand spike desi ie 5 
Heel clearence RM 35 
Home signal Lu jt (te) 
Horn Li Lui 
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Horn blocks 


Hump ü 
Humping speed PUS 
Hydraulic retarder * 

sos YEN Je 


L 
Injectors at 
Inner distant arm 24 ülli as, 
Inspection pit Jr 6 
laterlocking frame LU VI& y 
Intermediate goods EU 
Intermediate sleeper (isls] en 
Inward/gocds platform 
, 29) &le Lane y 
J. 
Joint ds si LL, 
Joint line - Sage las 
Joint sleeper or tie CRE) 
Junction E si di 
K. 
Key js 
Keying bammer . ist 39e 
Keyman .. FS ler pe 
L. 
Laminated spring 43 (&:,.) 
Laying of track US 
Leading wheels LU me 
Lead of turnout vil JL 
Leased Line rè Les 
Left hand turnont 
M af gti sl Qué cie 
Level crossing Ski}; 
Level crossing gate Ole dla 
Level crossing keeper  ü;x 
Levelling board : 
0 oi pos 83 5! One 33 
Lever (au she) 
Light raïlway ds mie WC 
Limit of economic haul .. 
JAN Glee doi 
Line de 
Line blocked. Jsüll Li 
Line clear Le 
Linesman EMECSRRN 


— {V 

Suspenders (for aerial cables) 

. (JA JD As Ce 
Spindle or Support”  (J3.) 1 
Specific Inductive Capacity 


Ce 51 à ini) SA ; = “et 
Short Circuit 


Screening TT 
Spring assembly Le à 
Stranded Jssé 
Stop 3 
Back ge » 
Auxiliary _ glel 
Finger (of dial) (it) » 
‘Sheath EE 
Copper uté » 
Lead wles » 
Selector La 
1st, 2rd group Sülls JM Lan 
Final Ji call 


call 
Test final 4 l LU AN ait 
T. 


Tap CA «bi 
Traffic sh 
Transmitter 55 €: — Jr Elie 


Tape Le 
Tarpaulin Ab pee a 
Tag cb» 
Terminal LS 
Block gts àS 
Testing à £ ur 
Connecting des 
Earth Le D 
Trial- Error Method 
gr SL & 
Testing Spike LÉ 
Trip Spindle LS 5: 
Time Constant ge eatit 


bd y 
à vd) ALI lens 


alt matt SN ST dite dé rl We pes olallaallige 2 pd sie 
Je 41 des LE gente l'eldball el) che 2 Dal ik, 
MA 6 oo Gill pi, BY] lus pli ads audt LL astl ones V5 


A. 


Adjustment of track 

Advanced starting signal 

CegbIl ei 3 jte) 
225 


Li Le 


Adzing 
Al electric retarder 
AE SEEN Lei 3er 


Alloy steel He LL 

Angle of heel of blade 
32.1 ST asts 

Angle at toe of blade 

; al ÿ st 
Angle Fishplate Gsl5 üb) 
Angle of crossing cul DRE 
Angle steel stop be 


Ash pit CM où 6€) 
Auxiliary railway glisse 32 
Axle (J£5) 
. Axle-box QE 5) 
Axle-box keep Ch) 
B. é 

-Back Locking ge El 
Balancing of grade &ius Yi &5, 
Baliast ‘ Li; 
Bay Line wib 05 
Bay platform Les ie) 
Blade ; 37) 

Blade with intersecting circle . 


AA 5 ;\5 AE 39} 


B'‘ock sections (301) pts 


V. 
Vertical motion ah D r 
Vaive 
Voltage Drop slt y pal er 
W. 
Wave-shape Analysis As Je 
Wiper 42 À 
shaît gts 
“Wiring ST où — SA 
Wire el 
Drawing-in 2e si as ol 
Suspending Gdait che 
Ground PATES 
Brush ‘a Le 2e 5 
Z. 
Zone Centre üall 57, 
‘Boiler Je 
Bolted switch Cia) 57) 
Boss- 33% 
Boxing abs 
Brake LAS 
Branch-off station E à ds 
Branch service Le ja 
Broad gauge uns EL 
Buifer chlast — pole 
Broken joints due né Ces 
Bull-headed rail .  £észiét Liu 
C. 
- Call-on arm x pl5 
Cant of rail. el ei pit 
Capstans . Sos 


H. 
Harmonic Analysis: 4 Jin 
Harmonie Distortion Gite sil 


Héadphones (Telephone head .. 


gear receiver) ee 
Heating cri 
Direct - Ale Gas 
Indirect Je nb Cou 


Horse shoe magnet 
A die JE Je ulie 
ab 


Hum | 
L 
Jgnition Jui] 
Incidence of traffic SA ça 
fnductance . A Ji 
Interference a) 
” [nductive st Jet 
To Intercept ei 
K. 
Key cie 
Locking 
Press-button 5) 
Push-button 
Reset cli 
Cut oîf Lite 
3-position- 24 v 35 lit lie 
Knob € — AREAS chi 
L. 
Lead pes 
Power à, all (ll) Je 
Lead (for phase angle) 
GH! &stj) es 
Line 
Loop 


Measuring or Test à Æ sur d5 


To Loopa line Lai je 45 Jen 

Loading Je 
Shunt SR Je jé 
Coil. QU LLs Jedi: 
Phantom ES URTE UN 23 
Extra light us ele jé 
Meduim Heavy JE Le Jré 
Normal : ssl Jré 
Music Del Jef 


Programme circuit Rite À 
Continuous p55 5 y Hier 


… 


M. 
Microphone - 55 — 
Meter ste 
Matching se 


To Mature (for a call) (aka) 

Manhole 
Street (carriage-way) 
el GE D QE 8e 


| Sidewalk (footway) 
ie Ji DEEE à 
N. 
® Network 2 
Noise y 


caused by listening i in 


LIN Je OÙ une Jr ge Lau LS 


due to transients 


4.211 AA si 
Thermal LI AA 12 sit 
Ripple (battery) | - .u, Le 


Supply circuit 


Circuit 8 JU ee so 
Back Ground Li el2 32 - 
Set HA Li Los 
Value . fédiless 
Contact (line scratches) 
Je sit loss 
Microphone  . JL, 
. Room  : à dise 
Telegraph Dal os 


Induced boue induètion) 
Ce SU sb) alt Le sl 


0. 
To operate (for a relay) 
Csaod) ) Ja 
: Operation Just 
Quick er: dla 
: ‘Slow be Jia 
Outgoing & Ji - 
P. 
Propagation ü Yi 
constant y Lt 


Photo- Electric cell à Ve We 


Pin: LE 


Pressure (of traffic) (5 4) ps ï 


Permanent Magnet. 1 rise 
: Power.L'ead Le HO 55 él 
‘Pole sf. 


va > : 


Stayed : cost 
Strutted Je ss 
Términal | Jystoss 
Juaction less 
Test - à E 53 
Trans fosition CLR 5 
N, A, H...- 
H AN JE 53 
Double cs 558 
Parallel Resonnance «5 és 
Phase Angle EE 
* Phase Mens eo or equalizer 
| 3 3lall Loti 
Plate pa 
Phantoming 4e, & Lt ans 
R. 
Repeater Li 
To Ring © pèr —— l 
Ring dr 
Route Hb— Le 
Rack : ie 
Double sided Caps 395 cie 
Single Sided  à>19 49 55 vie 
Protection OUI Lie 
Cst CAS ce SN Let y 
Relay sad 
windin 5381 Gil 


: Rotme Tester (Portable) 


GEL) 9 dl 5e 


S. 
 Subscriber dt 
. Calling - ALI 4 ja 
Called -, call Su 


Single - Line - sie Le 35 342 

- with several lines 
Sous Lis 35 Axa 
Secondary cell st se 
Step - by - step action. &-sxtà" Li 
Sharpness of resonnance os Ji à 


. Sagging  ... EN 

. To Supply mi ja 
To Switch in (circuit) 

(GA) G Ja 

Sequence Switch UN Le 


Shape {of a curve) (=) JE 


Singing FOIE | 
Strut no 
“Support übs 


—{\. 


Single-switch ants5le g Leurs 


Deferred des LE. 
To call. a - 
Circuit sb 


Parallel-résonnance 
à 592 Où» 8 ft 
D ©'5 3 


Fall se 3 $lo 


Two-wire 

Long-distance: 
Earthed phantomiz 5.3. #0 
Four-wire AA LÀ Gi 3 5. 
Earth-return à 19 Messe So 
Auxiliary sale 3 js 
Metallic or loop : tre ÿ ©5 3 fl 


Coaxial - Ja Gama 3 À 
Physical ie 3 fl 

Side ile 3 40 
Phantom Lens 5 il 


Double-phantom{ie:553,8,5 $15 
Ghost: 


. Incoming dit 5 
Outgoing à Li … 
Filament - du 3 ; 
Holding -coil- Bili il _ 
Control - A 
Connecting - des 
Starting : eh 
Grid -: _ A 
Holding - st 
Earthing - QsEN + 
Plate or anode - 

salt su » 
Spare - ibliet 
Through -* 37.2 
Energizing - dit » 
Impulse - AN » 
Revertive ime’-lse 

NA ol » 
Electric - ü 5 > 
Both - way- 
Two-way- |! , ...., 
-worked a up De sg de LE 

down basis. : 


Quadruple phantom 
Ael;iess A 
Continuously luaded - 


Jen 3 pe 3 jo 


Magnetic - aies #15 


ânes 8 flo 


Double-switch 2542 Jus AR 


“in contact with. 


: another pee a als 
- crossed with &? e 
. another 


Non. - phantom- . 
EE LC TE 
Open = das né si &e his " 
Music- Qi sl JL at 3 #5 
Radio - telephone- 
a Y as à 3 ;b. 
Two - wire side -, 
RL Gb &gle 8 fl 


Four - wire side - 


JA 4. » » » 
Quiet- . £e 0 
Unidirectional- 1st#1©3 » 


Telegraph or telephone - 


él ab. si & ik 
Coefficient Je. 
- of non line or GRrIQn (of 
_a value) 
Hysteresis - JE MH 
Reflection - ki 
- of differential fones 
GUN CU Le 
- of occupation - eV Jeles 
Condenser ie 
Smoothing- pui Sa 
Tepped nt | ii us 
Multiple unit - Enr, 
Blocking - ul SC 
Electrolytic - ge ie 
Variable - its Lt fs 
Contact. y x 
Make or front - gt Las 
Break or back - Ce .X 
Sl'iding Dire ou 
Make - before - break - 
A JS Je 


Break - before - make- 
del Js ci x 
[o sal ER 


Spare « 
url op LA 


Chain of - 
D. 


To depress a butten or key 
.: ct sl 55 Lin 
Digit- | A 
-- absorption 63 claut 


Directing or routing ({hro selec- : 
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for} Cle Je) ae pt 
Duct m7: 
Damping. 1-13 
Critical - AL if 
Desiccator Dié 
Dial (O9) ue 
Detent 3)siue. 
Druing pawl eb pit palais 
Diclectric dt jt 
- constant | 
Cie M Bai eh } 9 et at 
E. 
Earth connection  . à2,3, 4. 
Echo suppressors  agaall 217 
Emergency PALETTE 
To Energize Luis of Juint Leus 
Exchange | Ji 
Distant - alt AR 
Called - ab JUAN 
Originating NL JUAN 
Intermediate Le sil 1 Ji: 2] 
Main + SA Jai 
Transit - 23.7 dire 
F. 
Factor of safety Ni pe 
Feed aa — in 
Fegder Gt ét 
Field te 
Stray 52 Je 
Multiple ielis Je 
Finder rt 
1st. Line Jsÿi eu 
2nd, Line gt Let 
Register . ali cot. 


with ailoter switch 
Aa jé 555 Eat 


Fire Devil 35 3e 
- Frame 1 
Main distribution 
; . i si 35 Se 
Frequency 59 
analysis gs ait ll 
Low paire sf 
High , LA 
FN G. 
Ganging Eee Lu 
Gas Cylinder eat et 


-Gauge or Diameter (of Wire). , 


PATES 


cl 


Acoustic Stock‘? iris Lay out SA er 
absorber Air space : - (jlyn Les ÿ RTS 
ah ls lat 5m Distribution #35 } 
B Main ï 2 JS 
Smail capacity a ge DE 
Barge Jats Small sized * * ‘+ » 2. 
Base urlei— sut Large capacity Ÿ » 49 > 
Decimal sseuytÀ Largesized , 
Non decimal Le à urlel Trunk cr » 
Battery . | #20 Twin sis >. 
Räch Gta Jet Composite SEE 
of secondary cells Aerial : gi 2. 
à yv 52 d* 342 Armoured Es >. 
of primary cells Concentric or coaxial 
; &fll 5 » Jgélamts 3 
central Prusse  Internal{inside) des » 
common » Office. AK > 
Local ile 2e External (outside) + » 
Filament or heater or * A” V. IR. core Chile » 
cl» rs 211 si Gael si DE] sil Spare ul» » 
Plâte or Anode or “B” Enamelled Jia ? 
eur Sant sf all jp sf ae Fiat switchboard_ 
grid or grid-bias or *C” Le Que » 
NE GLEN 3 Ga sauts Round switchboard 34 » 
ce» sat Local . dé ? 
Bel (unit) Css) Je Coil-loaded Jus &lie »5 » 
Blocking Ge Jnterruption . “63e , 
Bolometer Get si u ui 1 Ribbon . ds? 
Bolt À Rubbeer coveredLikil, Rs , 
Branching ak  Cotton-covered paper core 
Buzzer signal visu, Ghits Got Joie 
Bay es Silk v. cotton covered 
Band ue JA oil deja JE 
Frequency Shs;a Paper-care ST is ME 
Transmitted frequéncy Lead-covered” we 2 
4 se ls à. > Braded Jsaë » 
Suppressed frequency Submarine 2 
« 4S 0»; Underground CAN 
Side be  Cabling ET où JE 
Lower Side ik » » Cam [A1 
Upper side agde » 0 shaft UE N 52 
Single Side 54 » ,»  Cord fasteners 5 KM Les) 
Bar 445 Chart JU ps 
Bass Broom 423  Clcks bal 
Binder 25 Curvature "Let 
Bulb, . 3556 Clip CE 
C. -Choke. JE 
Cable a : Smoothing ei SE 
Drum LE T1 Es Cauiking Ale! 
Buoy pi JR üise Coil - Lil 
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fron-dust core 

. mao r es 

Iron-wire-core 
&us> OU 


Choke (for H.F.) 
(YU ts At ) 5e a 


Ge 25 7 b 


, Loading dé il 
Phantom circuit loading , 
LAN Jul es Lie 
Side-cireuit loading 
asbl jou Les il 
Inductance (etardation) 
re Nes Lil 
Operating Jet il 
Limiting oillaus il 
Heat TA Lil 
Conductance Je A als 
Mutual UN » > 
Cenductor | der 
Conductivity CRE 
Specific es 2 
To connect LT 
Connection LWTE 
Current pe 
Consumption ACER 
Capacity, Capacitance PA | 
Mutual VU 
Direct Earth Let 5 
.perunitlength Jiisss » 
Characteristic je 


Frequency response : 
3 A LH L 


Dynamic Ed 
Static LV jll 
Curve eh gnil 
Curve : el 
Response LV ge 
Cathode Lh 
Incandescent gs ssl Le. ll 
Charge Lai — nt 
CAL EC 

Initial fau &nsll 
Space. Lil as 
Control SE 


gauged SKA LL Vietast Gh 


_Condiuts AE — UN 
 Cait Te 
Long distance AUDE 
Test JE 
indirect à: jé US 


teargll Se 
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Silhouette oise 
Simplicity CAE 
Sitelocation gr 
Sketch-croquie 353 
Sketch-book JT 


Smoothing plane (,2%15,5) Jill 


Smocthing plane 30 


Solid ges € CE 6 pur 6 Due 
Solidity 4 Hall « El 
Spatula, pallette knife Er 
Specifications CAPAYR 
Spirit level +1 dt 
Spoon (for modelling) dd 
Stability GE! 
Statue Je 
Statuette Ls 
Stencil Ë sin 
Stensil Brush 2 ÿ 
Stili life-nature morte ais 


Stone mason's hammer 


Stump TA 
Style jUll 
Surroundings-environments L.4 
Surface of revolution ÿl;ss cl 


Symmetrical Ju 
Symmetry JE 
T. 

Table saw C5) 
Taste [Ji 
Technique J'y 
Thrust El 
Tincture le — in 
Tint Al 
Tint-shade of colour mil 
Tone OA 2e 3 
Trace dr sl 6 ji 
Tracing sh 
Tracing cloth She qi 
Tracing paper O2 dos 
Tradition adi 
Traditional 4345 
Transversal Section 52e sil 
Trowel . Cotbes ) db 


T. Square : int 3 Je 
Turn screw EPA 
V. 

Value Jaill 


Vanishing point (HN) AA ei 


Variable gécl Je 
Variate es 
Variate Eos 
Variety ig 5 
Variation | es 
Varnish Brush glealt à2 
Ventilation & sg 
W. 

Wash (Sa ca ñèb ) Juill 


Water colour (il Gall) LU » sell 


Water-colouring JU Got 
Water painting AU y sal 
Way painting ga 232 
Wedg € M) 
Wooë engraving ll Je 
A Work of art gi JF 


iS Li 9 À a SL.) sol ll crane 


ee] 339 JE ça s EH LS “he oLu,ll de ser| ea É dsl 
ob à} bar G suis . ans gb 26 ral il él 


Cibsls ) à 
Stone cutter’s hammer 3 
Storey ossi 
Straight edge 3 bus 
Strope dé 

À. 

Accumulator Ee 
Attenuation JlsYt 


Non reflection -Ksili SLeyl 


Echo ggaall Gilest- 
Balance JF Yi Slasl 
Regularity gBsŸt 
Cross talk JA. 5 
Cconstant le et 
Attenuator Ciralt 
Alignment il 
Alternator ol A se 
Alternating current et LA 


Ammeter Gal Crlall 
Hot-wire Ut el 55» 
Thermo GE » 0 

Amplifier peali 
Vaive 7 gkall snall 


One, Two, stage 
cle HN 5 6 3219 ae 135 sal 
Resistance-coupled 
gaul LUN 55 srl] 


Tuned sh pal 
. Hytrodine get pal 
Power 3j pie 
Voltage sgh pds 
Magnetic goal all 
Amplification casill 
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Amplitude (ait ae) Lili 
Angle of. incidence Lait dst5., 
Anode dal 


— split poil Amal 
Arc 5 
. Armature TER 
Aperiodic os Ÿ 
Armouring es 
Closed JU el 
Lapped gli 
Wire A , 
Tape LL 
Audible jeu 
Audibility AN KE 
Autotransformer Jb Jsé 


General View ee Je 
Geometer (una }iuata fl 
Geometry Lai 
Giue Pot 31 à 
Graduated Flat Tint ‘gx 5J 
Graininng Brush. . ts 
Ground Floor PAIE 
Group dr — vf 
Guages CHE ) Ju 
H. 
Hammer (Su) &b 
Hand Saw 7 Ciel) Jéke 
Harmony 4 — uié — 
Hatching DIS — nf 
High-relief Dh oä 
Historical monument LA 
Hypothesis . il 
L 
India Rubber 4 Lu 
Ink pe 
Ink-bottle 155 
Inking sé 
Isometric gris pol + 
Invention es 
To Invent PIE — 65 
J. 
Jack plane (ab) qu 
| K. 
Knife üe. 
L. 
Landscape vy 859 
Lettering aLT 
Level (ol } 5sadl — ol 
Lighting : 31eVl 
Lime brush aËt dla is à | 
Line & pego AI die 
Lithography mit de A 
Longitudinal Section JL sl 
Low-relief ob Qté 
Main elevation COR EP 
Mallet (ü&LL ) Ga 
Mason el 
Maso drawing JA ei 
Masterpiece Tu &£ 
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Mechanical Engineer 2% AE 


Medal Césdbs 
Meridian 523€ {li 
Metallic brush ira de 3 
Miniature jus 
Modelled r£ 
Modelling L 
Monotonous a>l5 820 Le 
Monument Das 
Memorial 7e. cd 
Monumental Gr — ai 
Monumental die — Ji 
Mortar bowl La 
N. 
Nail ma 
L O0. 
Oil painting M y paill 


Opaque water colour or Dis- 


temper e Qssilt 
Original Ka 
Originality - Kai 
: Outline drawing Sao per y 

P: 

Painting sys 
Pastoil ztldt y sa 
Pattern 45 
Pen s 4) 
Pen drawing à NL pp 
Pencil ot 
Pencil drawing ‘le j alt el 
Pen - holder à 
Pen - knife DEA 
Personality ar 
Perspective oil 
Pick C 55 5 ei] } 24e 


Pickaxe Cies55 dat) lle 
Picture, Painting Li à y 
Picturesque Call ) Laub 355 
Pillar CA 
Pilaster sf 
Pincers () ue 
Plane {for plaste) (3e) sm 
Pliers (ai) 4e ja 
Plumb-bob & line LS Gina 
Painting trowel ul dell 


ne 


Portfolis ie 
Painter (se) Ka 
Post 53 
Poster Del ps 
Portrait bare 5390 
Pretracer it 
Programe Eee — pl 
Profit estimate | dont 
En Y pa 

Project Es 
Projection - Lu — Li 
Proportions ul 
Public institute st 
Public building Fe 

R. 

‘Rammer (ŒUVRE TA 
Rational Joie 
Reaction ATEN A 
Realisation Dé 
to realise gi 


Reliate plane 

dsl ol (OU 8,8) Ga Jmull 
Rendering JE 
Rendering; Rendered drawing 


an 


Research té 
Resistance à slall 
Rule (short rule) ARS) 
Roller La 
Roller ( Jéodt ) cuil 
Rule (long rule) sx 
Ruling » pen Jose 45 
S. 

Saw Ji 
"Scale A 
Science  . de 
Scraper ei 
Screw es 
Screw anger is 
Sculpture HI ble — ji 
Second floor JU jo 
Section els 
Set-Square Ch 
Shade off 2 
Shaded off [ges 
Shade off os — le 
Shaded off Dot 
Show drawing GDS (0 
Li à Ji 


Side elevation 


gel 
° D Lan cobxilacs 


se Lo ds LG JV 15 pé OÙ ce) bus crbdlleall cs de sal ais 


Je post plat 6 AH des va Qu 3 pis Vite pla 


y ces & 4e anus, Call él 3e bad sp ei a du «sé 
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A, 

Aberration dk 
Access approach PTA 
Action Jill 
Amassette Lil Re 
Analogous at 
Analogy ä-lall 
Analytic Geometry Qui Ai 
Antique Sa 


Architect (solus Qraige) sus orage 


Architecture 3 la 
Architectural LS plane 
Art | Ne 
Art traditionnel GA dt 
Artificial Cursb #) gel 
Artificial Ke — pres 
Artificial stone pile ne 
Aspect #£ 
Asthetico | Ji je 
Axe (le, ) LÉ 
Axis, Axle | ot 
B. | 
Back Elevation Lt de 
Back ground DRE AUT 
Basement Cest) Slt sal 
Baw saw (aS1) ji 
Bevel ne à 95 
Bill of quantities As 
Bit (5) (SU ) cçuetll LM 
Brace Slt 
Brush 2 5 
Building Materials sl Gissi 
C. 
Circulation OYs> 
Civil Engineer da Age 
Character Ceb)it 


Characteristic et ÉTÉ ab 


Charcoal Drawing ami pl 
Charcoal ei 
Chimney ba 
Chisel Je5t 
Chisel Cna 
Classic tn" 
Claw-tool ous Je 
Colour oi 
Colourist dsl 
Column 5% 
Compact . gs 
Compact plan gris ie 
Compass (SLSREL SE, 
Competition ü Lu 
Composition st 


Composition Sketch 
( &stae) 5 033 ) de 


Communication ds 
Contrast (ls jte )à “ 
Constructible AFS 
Convention De — pet 
Conventional 21 
Conventional angle ä>-Alet à 315 
Cramp Lu 
Create, Introduceasi—pat— 
Creation Gall 
Cross Section 2e Et 


Cutting-Hammer (sub 525 ) sad 


D. 

Descriptive Geometryii si CO] 
Design , | email 
Diagram (ab ee, ) ail 
Distemper cali ail 
Dividers . pris je ÿ 
Draft, Draft scheme) . : 

Preliminary schemel * 63,2 
Drawing ep) 
Drawing Board PL 
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Drawing Pin ps 
E. 

. Easel JV 
Edifice Sage 
Edification au 
Edify, Erect, Build 44 — + 
Electrical Engineer a urire 
Element as 
Elevation, Front Elevation 

As — 45 

Emergency Exit St r À 
Enamel Painting y sal 

Engineer yrdige 

Engraving Jibl 

. Entrance, Entry Jeatl 
Estimate @y— paid — &alill 
Equilibrium, Equipoise ol 
Etching oslli Je Ab 
Execution As: 
Exit, outlet E* 

F. 
Faculty EL 
Faculty, Fos 3 ail 
File LES 
Fine Arts di os 
First Floor Jai oall 
Flat Wash well 5 
Frame bi 
To Frame ra 
Framed 5sbte 
French Curve Colésnts à Lans 
Fresco a. à 
Full Face En | 
Funeral Monument Joli sale. 
General Plan dr 


Superelevation 
pat QE Crilall si as 


Swinging levelling staff 


Symbols 339 
Systematic errors tal Li 
Secant ; 


Single field, surveys of 
‘ Site Jin Alu 


Scaffolds Sy 
Schemes, trangulation  &ks,.2 
Seasoning of invar 

Secondary ssl 
Shade . JE 
Shelter, instrument ii Le 
Sketching AS JE 
Star factor 
Subsidiary levelling à # it &txl 


T, 


Tacheometer- DR EU 
Tacheometry 
Tangent screw arrangement 


EC PET EP 


Tangential angle ARE MEL 
Tapes ib 31 
Telemeter de je kil U 1 
Télescope ol 
Temperature 33,1 4e y 
Tension En 


Terrestial refraction 
SN ges jy ui 
Tertiary triangulation 
JyV à all oliles 
Theodolite . Cds st 
Three point problem SAN £a 


Tide gauges 3 g sl un la 
Tie lines st h 5i le Ji Lhi 
Times ob, Vi 


Creed of — 
Topographical sürveys - Unknown points dé Li 
: ait à lt JU 
Tranist of surveys Ÿs 
Trapesoidal rule for areas h a “e 
lea) 5 ill dy V-notc VER CPS) 
Travelling rod . Variation, magnetic 4-iLlil oi slt 
Traverse pa Velocity Ppa| 
Tree :+ Verification, base of  jindl 34605 
Triangles at  Vernal equinox 
Triangle of error lies Vernier ins 
Triangular >: al Li Vertical angles AR LUE 


Tringonometrical survey 
: QU lus an Lil 
dsl Lx 


PEAR) 


Turning point 
Two point problem 
Target statf 
Temporary adjustment 25511 Leaf 
Tidal currents' 
Total latitude & departures 
is de di LR del VI 


Jar Lt 


os alt Si 


Transition curves  JiiYioums 
Trough compass 2,11 4,11 
True meridian Gr dis Les 


Two peg adjustment 

C2 9 &à, Le Le. all 
Types of theodolite 2335331 815 
Terriers, for plans 


Thermometer MNT 
Towers cr 
Tropics st ju 
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‘Underground surveys 
DM Sy à ali 
Ursa major & minor | 
É PATATE. 
Units of area Cle Gta s 
Uses of contour plans & maps 
DR EH à fl 


Volume of banks & cutting 

: jt eh pe 
Viaduct s5l5 D Je 
Vulgar establishment 
Visible signals  cxelinolf CL 


W. 


War maps CRUE 


Waving of leveling staffiuil se 


Weighting of observation 
HwZv) DK Jelye sel 


Weirs MAIRE 
Westings L 8 ll) 
Whites - 

Wires, invar, JisëY Qu ce SU 
Woods EE 
Wall tripod 

Water glass 49 
Web spider Sail qrui 
Weight gauge due 


Well conditioned triangle 
Los do si EnCUA 
Whole circle bearings 
gpl EN Lit ÉV 
Wind, care of instrument in 
en de JV else Ÿ 
Witness marks 


—— 66 crtl| 
Plumb line Jséts Li Remagnetising needle 
Plumbing fork LG 4,2 Representation of relief 
Pencil of rays aa 4 Requirements of magnetic 
Pins. are needle Gba 3, YR OU 
Parallactic angle Resection in piane table 
Perigee ul à gel des G pd 
Personal equation ia 331 Reservoir ose 
Picture traces og JT Reticule 
Portable transit instrument Retregrade vernier 

JH 4 LL UT  Reversal, principle of 
Programme of angle measure.  Reverse curve gens mie 


ment by direction 
APa'T CEAPANTE:) ul es 


Q. 


Quantities AR 
Quadrantal bearings 4e, Skis 
Quick leveling head & 5-da ot) 
Quadrilaterals, adjustiment of 
Quadripod signal 


R. 


Aa SU L sl 
Range finder ai au tel UT 
Ranging rods 4m gt paint 3% 
Rankine’s method of curve 
ranging Gb ü jh Clolt L LE 


Railways 


Reconnaissance la Y 
Reduced bearing yat it,#V 
Reducing plans 


Reduction of levels to centre 


Reference tape Slt La pal 
Reflection uKsY! 
Repitition re 
Residual errors sis 
Reversible level oeil dl 
Right angles APAUS 


Ripples 
Rise & fall method of leveljing 


A JS oié Vs pr Yi T2 


Rivers pal 
Rods : url sé 
Radiation #12 
Rain 7 hi 


Ray shade clinometer 
Real & virtual images 
Aalls Lait à salt 
References on plane table sur- 
veying 
4 gl 4e 4 de LA Le Nt Gun sol 


Radius of curvatureLÆ Yi jii ia 
Rate Him st 
Recording Ja 
Rectangular coordinates 

salu ee 
Reglette . 
sx Lx «€ A ä SA pale dl i demie sis 
Rejection of doubtful observa- 


tions 5 4381 ste M Le slas 
Rope Je 
Route sketching ils x 539 

S. 

Sag A 
Satellites oksl 
Satellite stations sel Li 
Scales Que 
Sea level sr à quite 


Section, cross ie Ole 
Semi-circumferenter 
Semi-diameter 

Setting out LE 
Sextant Crau AT) dE 
Shifting base of theodolite 


Side-distances . astbt QU 
Side-widths au 3 all 
Sidereal time ml c5 4 
Sight rails am 91 Ds 
Signals Gite 
Slip 8 ès das — ich 
Slope pes — 
Solar attachment 4.441 cla-lll 
Solstice gt glass Yi 
Soundings Olur 
Southings ie Su 5j 
Sphere 

Spherical excess 5 XI à “ 


Spheroid Ra 
Spire test 

Spirit level 23 p3 
Stadia LEZ Y 
Staff, cross ci ele 
Standards ll 


Station pointer 
Stations, selection of Lil Lis: 
Steel chain bal 
Stepping measurement - 
Stereo photogrametry 
Striding bubble 
Sub-solar point 
Sub-stellar point 
Subtense theodolite 
Sun 
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SALES 


ui 
Sun spots tell all 
Surveying istlt 
Scotch staif 24 Lil 


Secular variation of declination 
Selection of change points 


Ji) Li ol 
Self reading staff 
Sensitiveness COR 
Separate piece staff 
Series levelling hill 451 all 


Setting up instruments 
qi c*s La. . 
Shift for transition curves 
JliiYl Glimte 4 4e15V 
Shifting heads 
Shore line surveys * 13.4 ts 
Simple curves bull tinilt 
Size of field of telescope 
Di Glass 
Solid type of dumpy level 


ets de geetill p sl 


Fe 


Sources of errors as les 
Spider webs © Kiabi Cu 
Spiral -&e Ji 
Spot levels  (&urss ) 4R5 Lanta 


Spring & neap tides 


Square optical és 


Squares | Cu ya 
Stability of instrument 49 2: 
Stand pt 
Stops lens 

Stream discharge LE cù rer 
Strength of fix ct 3 35 


Strips, measurement of area by 


Ent (les 


Latitude a nil be 
Latitudes & departures 
Cbi5Yls os Lks Or 


Leader Qt (JA ) exil 
Lens Cr 
Level dl os 
Levelling CRUE 
Libra, first point of Arr 
Line of collimation Gt: Yi LS 
Link die 
Lithography x de oil UN 
LMN. . gét Lu sll ll 
L.MIT,. » os c3jl 
Local time gt à» 


Location surveys (sl ait 4 
Longitude | Jgjalt Les 
Longitudinal sections LL &k1L: 


Loose needle 3 8 8 4 
Lunar distances _ © il se 
Lugging oftides 3e all st 
Lead line 

Level book 55e js 
Eevelling up 

Line of sight JE Le 
Line ranger Lil aus 5e 
Linen tape Je Le 
Local atiraction gi œil 


Lunitidal interval à il A5 % 
Laws of accidental errors 

ae nl vla VI ol 35 
Luminus signals  s.lali &1,L2 Yi 
M. 


Magnetic compass 4-alll 1 pa 
Magnetism 4 alsall 
Map projections Lil Se «las de 


Marsh Lis 
Mean noon A 
Meridian Jish Le 
Micrometer microscope 


Hra3 
Mid ordinate rule for areas 
te Li Le Vtt 6 56 
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Miner’s dial et JLE Ùs 
Mirror clinometer Sul 35 41-124 
Mistakes Let 
Moon À 
Magnifications 2$G 

à pl &o- LL] 


Marine surveying 


|| 


Mass diagram pla V sl le Je 


Measurement urlis 
Mercury LS) 
Metalkc tape dus Le à 
Meridianal distance dis5 su 
Mirrors. Ot 
Monocromatic rays 
N. 

Nadir n+] 
Nautical mile SA Je 
North pole dtesil hall 
Northings & southings 

SL ges SU 
Nutation PAL )# APAI à Jdll 


Natural source of error 

EM dudal ssl 
Neap tides | 
Needle, magnetic  ä-4blall 3,1 
Note-keeping in chain surveying 


51e V3 Ole Jones 
Nomenclature of stars 
pans Adi se Vi 
0. 
Object glass ill 
Obstacles Use 
Occulation Dyoll — DyeR 
Odometer Sy a 5e 
Offset ie 
Omnimeter Cu: Kurt) fssteY 
Opposition Lo es 
Optical centre of lens 
& rad Lesall Ss 
Optics C4 najl 
Ordnance survey is JlokLli 
Offset rod ttmll ere 
Ordinates Stan Y sf 328 
Orientation lei ae 331 
Obliquity of the ecliptic 
Observatory tent PRE 
Opaque signals ru SUIS 
Orthometric correction | : 
P. 
Pacing Gi lait 
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RER «15 Es 
Pantsgraph allo CN UT 
Parallax El un 
Parallax error eh 
Pedometer ll &BLI/ ur UT 
Pendulum br 
Perihelion «65748 JA VI 
Photogrametry à soil 
Photographic surveying 
Al 8 y ol dll 
Photo prints Le test 4e sil 
Plane table as » 
Planets AN 
Planimeter Cl 5 àT 
Plotting gs 
Plumb bob Lit oise — Jun 
Point of curve gril la 
Polar distance ill all 
Polaris deal pot 
Pole k an 


Precession of the Equinoxes 
Preliminary surveys 4 &t 
Prime vertical ui Ni ot Jai 

Principal axis of lenses 

Cle got Jl 35&t 
dtll ppt pe 
DIE 
à 21 de oh 


Printing, phot, 

Prism 

Prismatic compass 

Prismoidol formula 
OA 5 pme 055 


Probability curve Jéx Yi gite 
Probable error Jet tdi 
LL 


Projections 
Proportional compass til j» 
Protector 
Puli, correction for 

sel gùl G ath ler pomar 


Pyramids ni 
Packing instrument 

Paper, drawing ei ds 
Paraboba JE pbs 


Peg-method of level adjustment 
LU des G sbsVi à LL 

Percentage unit system 
à 84» 3h el 
& pool ul 


Permissible error ; 
32451 


Perpendiculars | 
Phase prediction of tides 
Plain compass 


Marking survey stations 
& LU Li Guess 
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Cotidal lines, charts of 
Cubic parabola  S: .jK4 ou 


Camera age Je 
Cartography Li Ni ee de 
Catenary method dail & Le 
Chronograph us de 


Cistern barometer 42311 x, 0 
Civil reckoning of time Salt 25,1 
Comb scale geitt urtalt 
Conditional equation 4,2 tsuli 
Correlates 


D. 
Datum & sl sui 
Declination El — JA 
Deflection angle TORTUE 
Deparature 15 
Dial OP 
Diaphragm jte 6 Lu 
Dip 871 Je 
Discharge of rivers JM sa 
Ditch & hedge HomVis oi sul 
Diverging lens G is dus 
Drop arrow LUN pp 
Dumpy des gai 
Dumpy level g"2 Ülee 
‘Dams gai 
Defects of lenses lui use 
Degree of curve Gill À 39 
Diagonal eyepiece à Lil 414 
Diagrams bé 


Dispersion of lenses Seul 3 à 


Distortion 4555 

Distribution es 

Diurnal  ux 

Duplicate leveling 3551 4 
E. 

Earthwork es hs il lé 


Eastings & westings 
Le 454 SL YI 


Ecliptie CEA GEST | 
Eidograph EL nues 3 5e 
Elasticity CR 
.Ellipsoid gitll kill «st 
Ellipticity of spheroïd 

Elongation 4 A 5 gt wall 
E mbankment pes 


Engineering Surveys àadiä-Lii 
Enlarging of plans Li 1 LG 
Equation of time Lu Dslel| 


call 


Equator et LS 
Equinox (lis Ji ste } Jlace Yi 


Error of closure . ga ls 
Errors AA 
Excavation Ab 


Eye-piece of telescope lit à 
Elimination of index error 
Jyaÿi ils 2 
End areas SE lu 
Equalising boundaries 5 KL Li 
Equilibrium theory of tide 


a 51 YI à il 
Erecting eye-piece . 
Establishment  . ul 4, 
Excess, spherical à RU SJ 
Exmeridian 
Exploratory surveys| 
; d y StLi 
F. 
Face left Cds sd) ll 
Factors S Je 
Failure of fix Lai Je sl pue 
Fast needle traverse 
Field book MERS 
Figure adjustment JON Le 
Fix . satil 
Floats lise 
Foci (focus) So 
Fore sight xl — LU 3 Li 
Formation level 24 os 


Figuring lens , 
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An Aeroplane presented to the Faculty 
of Engineering, Giza. 


The American Air Force presented a modern 

and fully equipped aeroplane C6 to the Faculty of 

” engineering, fuad À university, giza. This valuable 
gift was received by representatives ot the Faculty on 
24 april 1946. It is at present housed in almaza 
aerodrome. 

On 12th May, 1946, distinguished members of 
the Ameriean Diplematic Service, Cultural Committee, 
Mititary Authorities and Petroleum engineers visited 
the various laboratories and woikshops of the Faculty 
after which lunch was taken atihe Auberge des 
Pyramides. 

Aîter lunch, the Dean of the Faculty Er his 
thanks and delivered the following speech: 

Ladies and Gentlemen, 

[have no intention of submitting you to the 
unnecessary pain of an afler-lunch speech from me. 
E simply wish to thank you and to express the grat- 
itude of the faculty council for your valuable gift, as 
a consequence of which Aeronautical Engineering — 
at present a mere bias course in mechanical engine- 
ering — wili, in future, be a separate department. 

{ must also add that Egypt receives many direct 
and indirect help from America. 

For direct help, it pleases me to mention the one 
nearest to the heart of every Egyptian; | mean the 
fact that while you were engaged in a war of life 


and death, you found time to combat disease in Egypt. ‘ 


1t was only due to American medicine and to American 
physicians that gambia in Upper Egypt was extermin- 
ated. . 


Vour indirect help isin many directions. May 


l'only refer to Wilson’s fourteen points, Roosevel’s 
four freedoms and to your policy of the good 
neighbour. These ideas; in some cases before their 
time, are shaping nations in the best of forms. If we 
miss the advantage of being your neinghbour. we 
have still the advantages of your literature, your ideals 
and your valuable scientific efforts. 


In fact, it is simply good to live in the same world 
with you. 
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€ Taper Plug & Ring 
à s Ê à hu » 
€  Wickman . Baxire di 


Adju:table callipers 
« with Renewable Ends 
Spita Lil, Lb due 
Gear box 
Gear cutting us ot ei 
Gear Testing Machine 


CARE DES 


à Ji sie 


Generation of Steam jt sy 
Girder 31) 
Gland : Gt à y 
Go (In guages) go 
Gold Au. si 
Governor | Fan 
ce  Wedge Lu lue 
Graph Yl Ls 
Grate 
Grease NS 
Green Sand HN JA 
Grinder, Air sdb pe 


»  Ball-bearing 
ne s ce-i x 3 ce 
© Bench Surface and Die 


Grinder, electric : Ex 
» portable tool a 
Lol) ji cle 


Crucible y 
Crucible steél Doll Lie 
Crystallisation pe) 
Crystalline En 
Cupola Cdi 
Cut meters quil êee ve 
Cut-off chi ui 
Cutter Belt Dore LS 
Cutting Oil L xd) An 3 
Cutting stress oi 1 el 
Cyaniding at à Et AU 
Cycle of operation AOURITE 
Cylinder flange OR PA ETES 
D. 

Data ur9 il p ol 
Dead load d A Jr 
Definition ù y 
Deflection : it #1 
Delta metal (Cu + Zn + Fe) 
Demagnetizer All Je 
Describe Fr 


De-speeder, Coventry drill 
Slt de. Ji 


Determinant ‘532 


Developable surface  Ls:li pl. 
Deviating D pu 
Deviation Sst#l 
Device AS 
Diagonal 


Dial gauge indicator (slx)iel. 
Dial {est indicator äsle um 
Diamond wheel truing tool 
hi Je Jus Y 4 
Die Get) 
Dies, adjustable round ire 97 
Dies, Round pipe, adjustable 
8 nûts g| sd) DE üs 
Die grinder, Ball bearing surface 


DORA ONE 


Die head, Coventry self-opening 
Toi bs5% , à: "ob 
Die nuts, hexagon de [HE 


Die pressing Lab Las 
Die stock 

Diesel Engine Jus 4e 
Differential gear . 45,41 4: 


Differential wheel (55) 3 ,i at 
Diffusion of light 321 3 ,k1 
Dimension Ju 


« 


| rent 


Direct current ts li A 
Director A Ji — sul 


Disappearing fractions &u,,.N. 


Disc sander, electric 

| LADY 5 ire Aie 
Dissipation AS 
Distance pieces, patent combina- 


tion (Ge3f) pie als 539 
Distributer Es 
Distribution valve | &jseks 


Dividing chucks, vertical 
gs D] rs air à b 

Dividing head, aptical ie. 
Dividing head, plain ds 5 5e 
Division tester, circular 

Jus gdi r# 
FRS 5,159 chi 
Double acting A gss5e 
Double expansion s3H Es 
Drafting machine, universal 


Dogs, lathe 


| &esF pr? dT 
Draftsmanship APE 
Drain cock HAE 
Draw er. 
Drawing table pu A 35 
Dresser, grinding wheel 
Eh dl dt 


Drift for sockets or sleeves 
Giyg ste) QU LE ,9l 
Drill, Bit stock (lt) id ui, 
Drill, Breast jus olit 
Duill, Carbon steel twist 
: [CTHE) «b le ol 
Drill, Combination centrei su: 
Drill, Combined and counter- 
sunk ut 5 455 uit 
Drill, Electric JL ou 
Drill, High speed twist 
QD be ol 
Drill, Jobbers le JR ji wlit 
Drill, Portable electric 
JE HP ol 
Drill, Square shank - 
Le a Lis DK pi wlite 
Drill, Straight shank 
Ua Ai JR 4f our 
Drill, Taper shank 
4 gus 45 y JE nt lite 
Drill, Three groove 5,1. és ut, 
Drill chuck vit SL 
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Drill chuck, jacob's ball-bearing 
du * die Oo b 
Drill chuck, Quick change 
Drill head, Multi spindle 
sus ll 5] 
Drill sockets and sleeves 
Giss 5) Qi Lie 
Drill stand, Bench 
Sul ssl PA #: 


Drilling 

Drive fit Qaläll, > r 
Dry cell il 554 
Dry sand A4 Jjl 
Dry steam JL 
Dryness lin 
Ductile Je 
Ductility (ul — Jul 415) à4 Let 
Duil « 38 
Daralumin CHUTÉ 


“Duratip” Tipped tools 4 ei 


Dynamics Soi de 
Dynamometer soil 
E. 

Eccentric pets ne (1) 
Eccentricity JA SE 
Eccentric rod eh x pt 
Eccentric sheave au AufTyt 5 
Economiser jp 
Edge, straight (54) ai &L 
Efficiency VS TE 9 
Effective Jui 
Effort > #4 
Elasticity L'on 
Elastic Limit dsl ne 

© Electricity CRUE | 
Electric Motor APE 
Electrification = fais, 
Electrolysis Ji JAY 
Electrode’ il 
Electro Plating LR uL dl 
Elimination jäll 
Elongation Ale... y| 
Emery Band Machine 
Lu n4 5 ji UT 
Emery Cloth 3 je 
Emery Discs 3 ie ot 


End elevation  Sti e Li, Li 


Brass (cu + zn), yellow copper 


slué 
Brass steps Label 439 
Brazing & Lt eu 


Brazing and weiding compounds 
ss 2 ed CE 


Breast drill je ol 
Brittle Lai 
Brittleness atlin 


Broack Ei— pisy si ee 
Broaching 


Bronze (cu + sn) ie 
Burner SE 
C. 

Calipers DE je 8 of 
Calipers EAU 
Caliper Gauge Lait (tue) 
Cam Lans 
Cam Shaît SUR pt 
Camshaît Tester SLKDI 34e ee 
Cantilever tal dLzil 
Cap sé 
Capacity Lu 
Capstan : >) 
Carbide Cutting Tools PA p 
Carburettor Bi 
Carburising & y 
Cardan axle ds RH 5 ste 
Carrier, Grinder get 8513 pli 
Cartoon SAN pe 
Case-Hardening Cid 


Case-Hardening Compounds 
ui Lis 


Case-Hardening Powder 


Et D pus 
Cast Iron pe) ab 
Cell ArA 
Cementation 
Cemented Steel get chdll 
Cementite cube 
Centre Crank ESS" Dis 


Centre Dritl Combination 
sr 455 lite 
LL 45) 


>p8 Le 


Centre, Lathe 
Centre line 


cl 


Centrifugal Pump sr ik 
Chain di 
Change gear lever es 2 els 
Chargehand rail 
Charging or Suction Stroke 

; gril Ls< 
Chasers Ly935 les 
Chasing tools, Screw 

Lou Lie 2e 

Chemical action SLI Jet 
Chimney, Grain | 
Chimney stack 
Choke JL Yi Le 
Chord Js 
Chronometer Cl 
Chuck, Air operated «sn 5 b 


Chuck, Boring tool j-\4iL xt es 
Chuck, Compensating tapping 


(31) Bi SL 
Chuck, Concentric Ji 5 
Chuck, Drill Qi À b 


Chuck, Drill and Safety tapper 
L SA Dltd PA] Sp 
Chuck for end mills & cutters 
with parallel shanks 
Ait eV GENS 35 A PL) 5 Hs 


Chuck, Grinding Wheel 

DH ünd SL 
Chuck, Lathe äb ad 5 b 
Chuck, Magnetic (blu 05 


Chuck, Vertical dividing 
gb ei À L 
Circular Saws, cold 
GU Je) tie Lise 


Clamp Les). 
Classification cas 
Clearance we 
Close = j 
Clutch LL 


Coal dust Sie Yi Dlle eomill 8 3e 


Coalescence Gal — Gili] 
Coarse QE 
Cohesion OM 


Collars, Wear-ever 
adjustable spacing ä use aeli(s,5) 


Collet à jus (Uo) 
Commutator asile — ,La "te 
Compass dt — je sal —5 it 
Compass 37 2 
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Compressed air bottles 

Lidl o1 38 35 
Compression Lau ,i Lait 
Compression stroke . 


Le Yi Les 5 RM Lee 


Compressor stages Lili! jui, 
Concave pi. 
Concentric JM same 
Condensation ue 
Condenser JR 


Condenser tubes 
SR CS) 5 
Condensing Engine Score 


Condensing Water I, L 
Conductors Se slt 
Conical PT 
Connecting rod Je sd es 
Construction sui 
rs | dl 
ontrol valve Lil ele 
Converse ee 
Converter dt 
Convex ve 
Copper (Cu) + ylé 
Core making compounds 
(JV) Jel laut 
Cores SA — (eV) 
Corliss Engine os 3e 


Corliss valve gear 

DS A3g pli sa 
Corrosion resistance JT use 
Cotter vas Gels) 
Couriter &le 3 5lte 
Counter boring tools (432) 518 
Counting and Weighing 


machines 033 all SYT 
Couple ess 
Crane 253 — le — pt 
Crank D 
Crank pin GE 55 
Crank radius où Ji aaJl 


Crank shaît (GJsY 25e) ju pate 
Crosshead CYAN) C2 a 
Crosshead cheek Je oh ile 
Crosshead guide bar 9 Ji 
Crosshead slide 

(GY5) a ht (51) 
Crosshead Socket à ,-— shit 
Cross Section sont EU 
Crow bar (ke) 


CA UE 
IG EU dexdl Sbllaras 


LR SV CI VE à lle M bd os a ue pat 896 A4} Los 

EN ge Us LV Qt EL Je dé SU Ge LU 55dt Lai 

LR ee) ee Labs las is Lee 6 à Lui LE D99 M fer 
ob Sr ass il lus Luil 


A. 
Abrupt Quätia 
Accessory ay 
Accumulator Ce 
Accurate Lou 
Activity . Lis 
Actuai Dimensions Li all 
Air Injection 444 ail 
Air Compressor Ah él 
Air Coolers ONE 
Air-operated Vice v3a dau 
Air pump #41 (db) 
Alloying JU Li 
Allay Steel Lie Lie 
Aluminium Bronze wi jo 
Allowance els 
Angle Plate LL à 
Angle of Advance eäsil & 915 


Annealing SIM — gui 

Anti-Carburizing Paint,=ili es olas 

Antiseptic for Cutting Oils 
Lalla x Cp 3 pins 


Amalgam pill 
Amorphus | 34e Ÿ 
Apparatus 3e 
Apprentice ui LE 


Arbors, Face Cuiter 
An AR — üle 
Arbors, Shell Reamer 
Ê je és — Gt 
Arbor Spacing pieces el 22, 
Arc 


Ardoloy Super High Speed 7 
Cutting | css Che 5 
Arihmetical Mean  ulil. 
Arithmetical Progression. 
& LL AN A 


Armature 2") 


Arsenal &lh js 
Artisan ce. 
Artificial ge eur në 
Ash pit LA RÉ 
Assistant Ale 
Attachment des 
Attachments AR 
Atomisation à 335 
Austenite eg s) 
Automatic SH Us 
È B. 
Back Elevation Lui 5e si, Li 
Background uit 
Baîfles Lt5 
Balancing weight dj jé 
Bali Bearing As Je 
Band saw for wood, Cast steel 
he ol Le 
Barometer Lis 
Base 3460 
Base Circle LV 3 A 


Bases, Swirel for vices 


Aid) GU 34615 
Baîtery of boilers Je ef 
Bearing jh 
Bed plate EL 
Bell crank lever 4 à dl, 
Beit cutter Duel ES 


Belt fasteners M je Jéhla— 1,2 


Belt fastening tools 55 je se. 


Belt jointing tools 551 Get sue 

Balt lacing, Flexible(s ,),s.1ét2s 

Belt lacing tool gsl dbLS ane 

Belt mounter, safety 5-5 5e 

Belting, leather 

Belts, Woven Endless : 
Gal 5) Joss 8 EG 


de 5e 


TE 


Bench, Jitter's 
Bending machine 
Bevelied (CT sl St) re 
Bevel Protractor, optical 
os Tnt dite 

Ji 3 20 Vi 5 Li 

EUMI Slt 
Bins, storage PERS 
Blades, Hack saw, x ju eu 
Blocks, Plummer, self-aligning 

ball bearing 
gi (I) Jose TT 


2 mi 
47 


Big end 
Bilateral 


Blow Jamp 1822 — ds 9 
Blow off cack Liar Lite 
Body > 
Boiler Jr 
Boiler accessories Jai elsi 
Boiler room  * Jetl à 
Boiling point OUI Xe ys 
Bolt clippers gel älui 
Boring Jishut usé 
BOEee bar, Patent expanding 
g=\s L Je Ep 


Boring head, adjustable 
si Jébs LE Cu 
Boring tool chuck jt: L > di sb 
Boring tool, lathe, self locking 
SR sas ils LS aile 
Boundary > 
Boxes, seamless steel shop 
pay le Us 


Brace, nut del Lila 
Brace, ratchet il & 
Brake drum ai (seb) 


Brake horse power B. H. P.. 
il il 45 lalt 5 jaall 


Brake pedal JL dia 


ctetgl| 


gives a certain välue of x, , the value of x, can be 
predicted. 


8. Unfortunately, it is not always possible to 
eliminate in this manner a// ihe groups except one; 
and, generally speaking, when this happens, the 
same factor in the remaining groups will be found 
to require different scales for similarity with respect 
to these groups. À “correct” model cannot then be 
.made to satisfy all factors and a compromise must be 
etfected. 


To illustrate this point, consider the problem of 
a propeller in water or air. The principal function is, 
say, the Thrust P. The other variables, neglecting 
heuting effects, are : — Diameter D; Pitch p; Revolut- 
ions per minute N; Density p; Viscosity u ; and the 
actual velocity of the propelled body in the fluid 
(or of the fluid past the rotating propeller), denoted 
by U. 

The basic units are M, L, and T. Selecting p, U, 
and D, and applying the method developed above 
we get :— | 

For P.... P/(U2D) For p... p/D° 

For N.….. U/N.D, called the “slip coefficient or 
function”. | 
For U.….. pUD/u ie. the Reynolds number. 

PU PUD p 
PU Ro’ à 'p) 

Denote P/p.U?.D? by the letter “Z”, and U/ND 
by “V' and consider at fist similarity in a model 
with respect to the Reynolds uumber Re. Then, using 
the same fluid je: with p and a kept constant, the 


model might be made to one tenth scale, in which 
case, for the same Reynolds number, the velocitÿ Um 


Finally we get 


for the model must be ten ;times the actual velocity : 
U for the prototype. In order. to achieve this, the 


speed cf revolution N will have to be suitably 
increased, to Ni, say; and in this way the range of 
the experiments in respect of Re can be made the 
sarne for the model and for the prototype. À formula 
connecting Z and Re, developed from the model 
experiments, will not however be applicable “directly 
to the prototype unless the value of U/ND is, for 
any given value of Re, also the same for both the 
model and the prototype. 


In the case considered, where So — 1/10, SN 
must be equal to 10, for the same value of Re; but 
for the same value of Y, we must have Su / Sn. So= 
1, which gives Sx—100, i.e. the speed of revolution 
of the model propeller should be 100N. It will be 
found in practice that the speed Nx required for a 
valne Un — 10.U is not 100.N, and there will 
therefore not be similarity with regard to Y. Hence, 
for a given value of Re, the value cf Z obtained with 
the model will not be the same as with the prototype 
since Y will not be the same for both. 

The factor Y isthen said to be “out of scale” ,and 
the discrepancy between the actual and the predicted 
value for the prototype is called “ scale elfect ”. 


“Scale effect “may also be partly due to some factor 
which is negligible in the prototype but becomes 
important in the model . Thus the much higher speed 
of rotation required for the small scale propeller model] 
may cause “cavitation” to such an extent that the 


“observed value of Z willbe considerably affected. 


If the effect of the “ out of scale ” variable on the 
principal function is known from previous experiments , 
or can be calculated , then the necessary correction can 
be made. Alternatively, models of two or more scales 
may be constiucted and may be tested in order to 
establish “scale correction curves”. Thus in the 
propeller problem, experimental values of Z could 
be obtained for a number of geometrically similar models 
of different scales, Re being kept constant. Then, by : 
plotting these values of Z(or their variation from the 
value for some basic model) against the geometrical 
scales, a “scale correction curve”’ could be constructed 
for the value of Re chosen: other curves couldthen be ” 
added for other values of Re. By extrapolation or 
from an empirical relalion derived from them, the 
range of these correction curves could fhen be 
extended. 


It may be noted here that , at high values of the 
Reynolds number ( such as occur in practice ),the 
effect of Re only on the factor Z is ‘practically 
constant for a wide range. Hence. provided that 
the values of Re for the prototype and model are 
kept within this high range, “practical similarity” can be 
achieved by considering the slip coefficient U/ND only: 
this is in fact the usually accepted basis for propeller 
model experiments. 
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of P inthe specific speed expression, p being the 
density of fresh water. 


(Note:—Professor H. Addison has suggested that 
this factor should be termed the “shape number”) 


Principle of Similarity or Similitude. 


7.) t is generally inconvenient, or too cosily, to 
carry out experimental work on a {full size body, 
structure, &pparaius or machine; and hence. geometri- 
cally similar small scale models have long been used 
for experiment or demonstration. Geometrical simila- 
tity is however not usually the only condition that 
must be fulfilled if the results obtained from a model 
‘are to be used for predicting the behaviour or 
performance of the full size prototype. 
case when the investigation covers such factors asthe 
action of a fluid, the transfer of heat, stresses produced 
under loading, etc. Under these conditions. many 
other variables are involved - density, velocity, coef- 
ficient of expansion, specific heat, conductivity, 
viscosity, surface effects and so on. Ît may some- 
times even be necessary to depart somewhat from 
geometrical similarity i.e. to use “distorted” models 
in order to achieve similarity in other respects between 
a model and its prototype. 


The theory of dimensionless numbers gives 
complete information as to the best relationship 
possible between a prototype and its small scale 
experimental model for a ceriain research. 


For in the expression ,— (rx, %3,-..) where x; 
is a dimensionless number containing a certain 
variable which is being investigated, “true' similarity 
between model and prototype, for the effect of 


m only, is achieved when x, has the same value . 


for both. 


If. for instance, am is the Reynolds number 

-{p UD /D), then, for a model pipe of diameter Dis = 

Sa. D, if Sp, Sw and Sy are the scales of the other 

factors applying to the model, we get for “true” 
similarity :— | 

pUD __ (Sp.p) (Su.U) (Sd.D)__ (Se.Su.Sd)Re 

Re 2e = — = Sir 

bu Su. u h 


Se. 
therefore PE: pu 26 Su = Î 


it 


This is the 


+ Itthe same fluid is used, say, water, Sp and Su 
each = 1 ; and we must have therefore Su. Sd. = 1. 
Thus, if the diameter of the pipe is one tenth full 
size, the velocity through it must be ten times the 
velocity through the actual pipe. 


If another fluid, say, oil, air, gas or steam is 
used, Sa and Su must be so adjusted as to make 


Sa. Su = Su Sp. 


Note :— Re (with D representing a characteristic 
dimension for geometrical similarity) is met with in 
many flow problems, e.g. air flow past aerofoils. In 
this case, it may be found that, with a small scale 
model, U may become too great. If however p is 
increased (as in the “compressed air” wind tunnels), 
U may be kept within reasonable values. 


In general, if x is of the form (A".B".CP.D...) 
then for true similarity for the elfect of x, only: 
(S4. Si". SP...) must be equelto unity, where Sa 


Ss etc are the “scales’” of the factors À, B, etc as 
used for the model. 


It.is often possible to arrange for the other 
groups x nr, etc to remain constant or to have negli- 
gible variation within the range of the experiments 
and in suçh a case, complete similarity can be 
established. 


Thus consider the heat transfer problem of Par.5 
with the addition of another group (L/D) for the case 
of a short pipe of diameter D and length L,"giving 
heat to a stream of fluig, 


The relation is: Le = q (SL) 

L/D can bé kept constant throughout the range 
for prototype and model. Now the kinetic theory 
establishes that, for an ideal gas, (Cu/K) is constant 
and this is zearly true for the So-called permanent 
gases, if fhe temperature range ‘is not too great. 
This factor can therefore be neglected when a 
“permanent” gas is the fluid used, and under these 
conditions, we can take (h.D/K) = œ (Re) only, and 
a model of suitable similarity can be made. 


After. the relation between x, and, has been 
established from the model experiments, then for any 
combination of sizes, fluids, velocities etc.. which 


ETES 


where the suffix “s” refers 


PR ne 
Ne Dÿ N.H.D* to the“supecifie “values. 
+. D_NH LR Ne D 
D PN ‘° QN DH 


With geometrical Similarity, the inflow area 
whether for an outward or inward or an axial flow 
turbine will be proportional to D?; and since the 
Velocity there varies as VH, the discharge Q will 
vary as D°YH i.e. 


Q D 
Q D°'yYH 
Substituling, we get :- 
« _ DN K ADF 2 Ne. 
PE ce D CNT 
Nî 
and NH 


PN — NH 

From this we ‘obtain : 

NYP_ 
La 


for the specific speed. 


N: = which is the usual expression 


y 
QH and o = 01 


QE 1P which 


. Also 


gives the size ot the “model” runner. 

ln conformity with the definition given, the 
“specific” functions thus obiained are in practice 
calculated with N in revolutions per minute, P in 
horserower, D and H in feet or metres. 

These functions will not have the same value in 
English and metric systems, Since { English horse- 
power = 1.0139 metric horsepower;, 
= 0.3048 metre. 


N. N-VPx I. 0139 
Thus Ns (metric) == = ne 
| \ HG ),3048) © 


= 4.45 x N, (English). 


_Note:— In the above two dimensionless number 
P /(NHD*) and (QN}/{HD), the functions are expressed 
in absolute units : if however the head H is expressed, 
as is usual, in feet or metres, the discharge Q in 
cubic feet or cubic metres per second, and the power 
in “engineers, units” (foot pounds or kilogram-metres 
persecond), then H must be replaced by p. g. M, P 
by P.g, and Q by p.Q, where p is the density in 


casll 


and 1 foi : 


pounds per cubic foot or kilograms per cubic melre. 
Thgse numbers then become :- 


CR eat ON ON 
N.p.g.D N.0.H.D PH g.D g-h.D 


Since Q varies as De H H, the second number 
becomes. 


D'N.VeH 
g. H.D 


l 
ER H tis generaily given in 


Combining this with the first so as to eliminate D, 
one gefs :- 


P D5,N P. N2 g 
Np.H.D* 30 3 p. (gH.) 5 
g?2H2 * 
7 N VE 
This 1 i î £ 
is last number is usually written as & 
= Y, say, (gH) 4 


“Vis a truly dimensiontess number, and js 
preferable to the “specific speed” delined above as 
a means of defining the general characteristics -of a : 
runner : it has, of course, the same value in both the 
English and metric systems. lis relation to the “speci- 
fic speed" is obtained as follows :— 

Assuming fresh water oi density p. of 62. 4 
pounds per cubic foot or 1000 kilograms per cubic 
metre. 


N PX 550 X 32.2 


Y — 62.4 ___ _ N: (English) 
60 X(32.2H)5 273 
à Le 75 X .981 
| 1000 __ — _N: (metric) 


Le 
60 X (0.81) 1214 


Where P is the horsepower, and N is in revolut- 
ions per minute, Note that. Y includes a density : 
factor, and that it has been assumed that the 
specific speeds are for runners operated with fresh 
water. In the case of turbines required to develop a 
certain horsepower P with some other fluid of density 
pi (e. g. sea water), then the specific speed “referred 
to fresh water conditions” should be calculated if the 
above conversion factors are to be used, The cor- 
rection required is effected by putting P. (p/p } instead 
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Note also that some authors use à | coefficient of 
friction f = 4 f. 

5, The following problem deals with the transfer 
of heat from a hot body to a fluid flowing past it; the 
“film” rate of heat transfer is considered i.e. it is 
affected by the conductivity of the fluid. Ît is assumed, 
from previous experimental evidence that this rate is 
proportional .to the mean temperature difference, 
though, in a complete investigation, this factor should 
be introduced separately. 

Let h — heat transfer coefficient in heat units/unit 
area/unit time/degree mean temperature difference. 

Dimensions : . ........ M. T-. 0-! 

D= à “characteristic diménsion’” of thè geometri- 
ca! shape of the hot body, e.g. diameter in 
case of a heated pipe. 

G=— mass flow per unit time/unit of net area. 

of flow past the heated body . . M. T-!'L-t 

C= Specific heat of fluid at const. 


press ,.,.. ,.., ,...L2 T2 9-1 
K=— Specific conductivity of the 

fines aies Se MIE T9" 
H — Absolute viscosity , . . . , . M. L-1, T1 


There are four basic units : M LT ©, and we 


can select four of the above functions, say GU D and K . 


(The selection is to some extent arbitrary.) 
We are left with “h”’ and “C”. 
From “h”’ we have : 


h. Gr. OR Dr, Ka 
which gives : 
(M. TS. @71.(Mr. T-n.L-2»)(Ma, La, T2) 
(MI. LS, Q74 T1) 
From the equations of the exponents, we find :— 
Mm—-—n;qQ—=—1; p=i—n and the 
* dimensionless group becomes :— 


h. Gr. pr, DU, K-1 = ÉD) (a 


- From C we find iñ a similar way a group 
C.G{-", n°, DU", K=1 
: (CE D D 
or en) ans 
Now G'is Ne to p.U, and D.G/ His therefore 
the Reynolds number for this problem. As it has 


. where Pr. stands for Prandtls number. 


{been shewn to be dimensionless, it can be eliminated 
from one group, provided the other still contains it. 
* This second term can be written :— 


C.G.D mr 
Se 
CZ ) G 
The final relation is ue put in the form :— 
h. D Cu D.G 
= gp, —= y (Pr, Re 
= PC ) = + (PR Re) 


h DK is 
the well known Nusselt number. 


In another treatment of the same problem, the 
equation is written. : 
h. D G.CD D.G 
ere 


K ’u 


) 


K : 
_G.C.D 


where is called the Peclet number. 


| 6. / An interesting application of the above principle. 
is.in the determination of “specific” characteristics for 
water turbines. The most useful of theseis the “specific 
speed” which is defined as “the speed in revolutions 
per minute at which a geometrically similar model 
of the turbine runner would run to develop one horse- 
power under a head of one foot.” 


The factors involved are : — Head H; Power P; 
Discharge Q; Speed of rotation N and a characteristic 
linear dimension taken as D the diameter of the 
runner. Then, as usual, 

Z2k (H:, P!. Q°, N°. D‘) + 1 = 
Select H;N and.D. For P, we have: 

P. H", N°. D°.i.e. 

ML, T2) MeL=e, Te) (T- (Lr) 


from which m—=—1;p=—3 and n——1 

Thè dimensionless pre 1S Sutra ere P 
- NHD$ 
__ ForQ, (M. T!) qe. S T—®) (T-") (L?) from 

whichm—=—1;n—=1andp—=—1 

- ; . ; .N 
The dimensionless group is,.......,., Q.N 
2 Fu H. D 


If now a given runner is s0 reduced as to remain 
geometrically similar, and at the same tüne Q, P,H, 
and N are altered so that these dimensionless numbers 
remain the same, for the conditions P and H each 
equal to unity in the system used, we have:— 
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and {o these are given the names of the investigators 


who first used them e.g. Reynolds number, ‘Nusselt” 


number, Peclet number etc. 

Note also that, if the investigation is for the 
determination of values of one particular variable or 
“principal function”, a dimensionless group involving 
this can be taken out and the general expression re- 
arranged as an explicit function; thus :— 

@ (Ta, Mas Ta, Ta se) = À OT Gi = (mo, Ts, Tes + « ) 

4./ Consider, for example, the standard case of 
turbulent flow of a liquid in a pipe of circular cross 
section at constant temperature. The factors involved 
are fhc force F resisting flow, per unit area of the 
pipe surface, the density p, the mean velocity of flow 
U, the absolute viscosity L, and the diameter D, 
The principal function in this case is F. 

We can write {he relationship equation in the 
form :— 

Zk(bmUrDraF)+1=0 

From the dimensional expressions, it is found that 
there are fAree basic functions M,L, T.; and three of 
the above variables can thus be selected. The 
diameter can be measured and, assuming that Hand 
p can be calculated from suitable expressions for the 
” given temperature, the three selected may be p Dand 
u. The remaining functions are U and F. 

A dimensionless group containing U will be of 
the form :— 

U.b"i Dr.ut je. (L.T—1) (M.L-3;m; 
(Le. (M.L-LT-1, 

Equating to zero°the sum of the dimensions of 

L.M and T respectively, we have:— 


For L 1—3m: + p + qm = O 
For M m+  qa=O 
ForT —1 He = 0 
From these, m=il;p=l;iandqa= —1. 
The group obtained is: 
p. U. D 
[us 


This is the well known Reynolds number, which 
is characteristic of most problems on fluid flow. 


.. Agäin the group involving F will be of the form:- 


F.pa Du ie. (M LT? L) (ML) 
(L)# (ML.T-)S 


This gives : 
qg = -2 ; ma = 1; p2 — 2 and a dimensionless 
F.p.D? . ” 
group. ie is obtained. 


This is generally modified by combining with the 
Reynolds numbber as follows :— 


F.p.D?, u? 16 
u p2.U£. D? TE p.U! 
Finally one a. = 
p UD F ,q a 
Zk{(—— F ) an) + 1=0 
or in “T'” form : — : 
UD 
Gr NT ) = 1 or again in explicit form: 
F p = 
PU? = p(——=)—=#Y (Re), where Re is the 


Reynolds a 


This expression is the basis of all experimental 
work on the friction loss due to turbulent flow in 
pipes. As is well known, it enables the experiments 
to be carried out with any suitable fluid and size of 
pipe, since a given value ofthe Reynolds number 
can be obtained with many combinations of the 
factors involved; and, for this value the same value 
of (F/p U) is found whatever the fluid or pipe used. 
The effect of surface roughness in the pipe has 
however been neglected in the above result; this 
extra factor should be taken into account for a 
complete investigation. 


Note:- In Hydraulic practice, the usual friction 
loss formula for a length À feet of piping is :— 
Pi— Pe__AfAV? 
Up  —  2gD 
pressure loss (in Ibs per sq, ft say) and “f’” is the 
EAÉTHEENR of friction. 


where (P: — P:) is the 


PE =. # . D. À hence F = 


Now (P;— 
PRIE 3 FU? therefore = "ht 


hé half the “coefficient of friction’ as ce by 
this formula. - 


Re et 


If now such a summation is divided throuhout by 
any one of its terms (including the constant term, if 
there is one), thefunction is reduced to a summation 
of “ratios of terms ofthe same dimensions" plus 1. 
These ratios are naturally dimensionless, since the 
exponents of the basic functions in the dimensional 
expressions for the numerator and for the denominator 
will cancel out; and their numerical values for given 
conditions will be the same in any consistent system 
of units, 

Furthermore, each term in the summation may 
bave a different coefficient. 

(Note :- By a consisient system of units is meant 
a system in which units of all “derived” functions 

‘are expressed in terms of the same fundamental units 
of the basic functions.) 

The original function can thui be written :- 

Zk (A. B". CP, D. E"....) +1=0...(1) 
in which À. B,C, . .are all the functions 
involved, m, 11, p, ... are numerical exponents, and 
each bracketed term in the series is dimensionless, 

Note that every term in the summation contains 
all the functions A, B, G,...; the exponents may 
however, be different, and in some cases may be zero. 

Now, the experimental determination of the law 
relating these functions would be very complicated 
if the variation of each were to be investigated 
separately. Itis however possible to arrange the 
functions in the brackets into a smaller number of 
dimensionless “groups” or numbers, as they are 
called. and to consider only the variations of eaeh 
group, treated as an entity. In this way the number 
of variables involved is much reduced; by fixing 

| certain conditions. some of the dimensionless groups 
may be eliminated or neglected, and it is then only 
necessary to investigate the inter-relation of the two 
or three remaining groups. 

One important consequence of this method is 
that, for a given value of a dimensionless group, the 
values of the functions forming the group inay be 
varied within wide limits, thus giving considerable 
flexibility in arranging experimental conditions. This 
point will be elaborated further on. 


IP, 2, %3,..., are thé dimensionless groups 


into which each bracketed term above can be resolved, 
then equation (1) can be written: © 


or in a more general form: 
o (mi, a Masee. ) = 1 ...,.... (2) 
This is the “x’” theorem of Riabouchinsky. 


3 /The determination of such “x” or dimension- 
less numbers can be carried out in various ways; 
the method given below has the advantage of 
simplicity and is quite general in its application. 

Let z=the total number of functions shewn in 
any one term of equation” (1), and let yof these 
functions be “selectéd’’- usually because they can 
be readily estimated or calculated for any given 
conditions. (For a direct solution, y should be equal 
to the number of basic functions used in the whole 
term). 

A dimensionless number can then be obtained by 
combining all the y selected functions with any ofe 
of the remaining functions in the term, the others 
being assumed constant. The number of dimensionless 
groups so obtained is evidentiy (z—y). 


The procedure is as follows :— Write down the 
y selected functions, with letter indices and multiply 
the group by oze of the remaining functions. Substi- : 
tute for each function in the group its dimensional 


expression, and equale to zero the algebraic sum of 


the exponents of each basic function separately.- 


There are as many such linear equations as there 
are basic functions, and they will therefore give the 
exponents for the dinfsioniess group required. 

Note that, from the dimensionless groups s9 
obtained, others can be formed by multiplying 
tokether two or more of them or their powers, for 


is à 
the expression : xû x P aŸ ) can be written 
.Ta te. 


(a. me | …) ne (f-ma) Ta (y-Ta) ne 


each new term being of course dimensionless: this 
process is necessary in some cases in order to‘reduce 
complex dimensionless groups to simpler forms; it is 
exemplified further on in this article. 

What combination is most suitable is often a 
matter of choice; but there are certain definite groups 
which appear regularly in many types of problems, 


—3— 


follow the standard system of “absolute” units, which 
is quite‘ independent of the value of “g”’. 

Since “engineer’s units” are very fully established, 
certain results of experimental and mathematical work 
have to be presented in these units; but the funda- 
mental work should preferably be’ carried out in 
absolute units ün a consistent system. 

In problems on Statics, where the mass function 
does not enter, e.g. loads and stresses in beams and 


other structures, it is possible to accept the pound- 


weight directly as the unit of force, and to treat it as 
a basic function. 

The basic and derived units listed below are 
expressed' in absolute units :— 


Dimensional expressious of uséful functions. 
Basic Units: 

Unit of Mass “M”? — the pound or gram 

as defined in mechanics. 

Unit of Length “L'— feet or centimetres. 

Unit of Time “T''- secords. 

Unit of Temperature “@' — degrees. 

Angles, being expressed in radians or circular 

measure, are a ratio of two lengths and have no 
dimensions. 
Derived Units : 


Linear velocity “U” . . . . . . .. LT-! 
Linear Acceleration “a” . . . . . . LT 
Angular velocity “@” , .. . , ... T— 
Angular acceleration “®” ,.... T> 


Force (in poundalSælb. ft./sec? 
or dynes. gram Cm/sec? .. . . MLT-? 
Work or Energy (ft. Pdis 


or Ergs. .. . . . . ... ML? T-? 
Power = Work.per unit 
time . | she ss." + MLE TS 


{ntensity of Force; Pressure P or 

Stress S expressed as force 

per unit area (Poundals per 
sq. ft. or dynes per sq. cm.)ML! T-? 
Nofe that, in ordinary problems of Hydraulics 
i. e. with a fluid of constant density, the head H is 
usually expressed in feet or metres, although it should 
have the dimensions of “intensity of Force” i.e. 
ML T-? in the absolute ‘system. When given the 


sh 


dimension “L” therefore, it should be coupled with 
the acceleration of gravity “g’’, and the density “p”’ 
(dimensions ML?) : the resulting group, viz “p.g H” 
then has the required dimensions ML'T-? 
| Heat Energy may be expresscd in mechanical 
energy units, i. e. ML? T-? or mayf be taken as a 
basic unit “h”. ; L 

Specific Heaf, if expressed as “heat units 
per unit mass per degree “has dimensions’ (h.M-'g"") 
or, substituting for h, (L°T-2g-1) 

Thermal Conductivity i. e. Heat units per 
unit area per unit time per degree at unit thickness, 
(h L-'T-! 6-!). or (MLT-‘607!) 


Co-efficient of thermal expansion, being a 
ratio of lengths, (or areas or volumes) per degree 
change of temperature is expressed as 71 

Co-efficient or Modulus of Elasticits, being 
the stress divided by the ratio of the increase of 
length (area or volume) 10 the original length (area 
or voiume) has the dimensions of Stress, 


Absolute Viscosity . This is expressed as 
poundal second per sq. ft. or dynes-sec. per sq, cm 


(ML! T-') 


Area (L*), Volume (L°), Mass moment of 
inertia (ML?) : 


Moment of inertia of an area (L:) 


.2./An implicit mathematical function. involving . 
any number of variables, which consists originally of 
rational or irrational aigebraic: logarithmic or trigono 
metrical expressions—combined in any manner—can 
always be reduced, with the help of suitable series, 
to a plain summation of terms, each of which is 
the continued product of powers of the variables, 
preceded by some coefficient. 


When the function expresses a relation between 
physical or mechanical preperties of a substance, or 
both, the démensions of each term must be the same, 
since only physical and mechanical quantities having 
the same dimensions can be added together. À con- 
stant term in the summation may then be considered as 
representing a certain number of units of an epuivalent 
function (defined by the one dimensional expression 
applicable to all the terms) and serves to fix the origin 
or levvel from which the equivalent function is 
Jeckoned. 
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This article is an attempt to present in simple 
form the fundamental principles of “dimensional 
analysis”. Many engineers make use of the various 
dimensionless numbers without understanding how 
they are derived; and it is hoped that the treatment 
given will help to clarify their ideas on the subject, 


Of the various Papers dealing partiy or wholly 
with dimensional analysis, the most comprehensive 
is undoubtedly F. C. Johansen’s Paper on “Research 
in Mechanical Engineering by Small Scale Apparatus” 
(Proc. Inst. Mech. Eng. 1929 No. 2); and this Paper 
should be consulted for a further study of the subject. 

1. Properties of matter, within the limited scope 
of Applied Physics and Mechanics, can be expressed 
aumerically in units of three basic functions, viz. 
length L, mass M, and time T. Temperature @ is also 
usually considered as a basic function, though 
molecular physics treats it as derived ultimately from 
the three functions previously mentioned 


For the convenience of the Mathematics and 
Mechanics of Physics and Engineering, many other 
“derived” properties or functions have been evolved : 
and some of these are generally dealt with as separate 
entites (i.e. they are treated as basic functions) in 
equations constructed to correlate experimental data. 

The “dimensions” of a “derived” function are 
defined as the exponents or powers of the basic 
functions of which it is composed. Thus Force is 
mass x acceleration, or, in dimensional analysis 


M.I. Mech. E A.C. G.I. 


‘notation, is expressed as MLT'? : its dimensions 


are : — 
In mass M, 1 in length L, 1 and in time T,—2, 


Derived functions, in engineering practice, are 
often very inconsistent in the basic units they use : 
thus pressure may be expressed in pounds per sq. 
inch, or in feet or inches of water or mercury, etc., 
volume in cu. ft. or cu. ins; conductivities in pound- 
degree per sq. /oof per hour at one ézch thickness 
per degree temp. diff.; rotative speeds in revs. per 
minute or second, or radians per second, and so on; 
and many practical formulae have been produced 
which combine several such functions without first 
converting them to a consistent system. 


The fundamenta@it of force, the “poundal”, is 
not looked upon with favour by many engineers, 
although, rather inconsistently, they accept the “dyne” 
in the C. G.S. system; and the pound has been 
adopted, not as the unit ol mass (which it is by the 
standard definition), but as a “unit of force”. There 
is no objection to this practice, provided the “Pound- 
force” or “pound'weight” is regarded as “g”’ times the 
fundamental “Pouadal”; but, fairly recently, ‘attempts 
have been made - especially in America - to introduce a 
new “unit of mass”, called the SLUG or GEEPOUND 
which is defined as 1/g, and therefore varies with 
“g” on the Earth's surface. À variable unit of mass 
is certainly undesirabie from the point of view of 
the mathematician; and it is therefore preferable lo 
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3) < Cable-Stiffened Suspension Bridge Developed 
Througt; Engineer Board Research > by William G. 
Grove. consulting Engineer. 
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4) « Navigation on the Tennessee River» Part Il 


Channel improvements and Shipping Facilities. by C. 
A. Barker. 
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2) « Compact Tables for Manning’s Formules 

-Simplify Hydraulic computations » by L. E. Holder 
Engineer, U. S. Bureau of Reclamation. 
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3) < Canal Lined with Stabilized Earth » by W.s. 
Byrne, Bureau of Reclamation. 
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1} «Precision Control in Sinking Prefabricated 
Sections for Maas Tunnel.» 
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7: 2) « More Efféctive Use of Rivets and Bolis » by 

F. H, Frankland consulting Engineer. 
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2) < Underwater cutting and welding speeded and So. N'ES SpA SAC PE ON | 


simplified by Electric Arc Processes» by Charles 


Kandel. 
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3) « Closing Breaks in Tidal levees » by Wim. Q. 
Wright consulting Engineer S. F. california’ 
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4) « Offset Retaining Walls for Stockpiles » by 
Homer M. Hadly Portland Cement Association. 
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Engineers, 33. W. 39 the street, New york 18.) 
. March 1946. 


1) « Additional Stiffening of Bronx — Whitestone 
Bridge» by O. H. Hammann consulting Engineer 
New york. 
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2) « Wellpoints Dewater Denison Dam Closure . 


Area > by Thomas C. Gill chief Engineer Moutrench 
Corp. New york. 
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5) « Vibration Damage to Spillway Gates » 
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‘ 4) « Aims of a Curriculum for Civil Enginering 


Graduates» by Prof. Wallis S. Hamilton NOHEWenern 
University, Evanston, Hlinoïs. 
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5) « Spillway Designed for Long-Range Savings » 


by Adolf A. Meyer Chief, Civil and Architectural 
Design, TVA, Knoxville, Tenn. 
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6) « Single-Coluran Viaduct Eliminates Need For 
Skew Spans> by R W.Finke, Washington State, 
High ways Dept. 
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Proceedings American Society of Civil 


Engineers (33 West 30 str. New york 18, N.Y.) 
March 1946. 


1) « Express Highway Planning in Metropolitan 
Areas > by j. Burnett chief, Urban Road Div. U.S,. 


Public Road Administration, Washengton D. C. : 
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3) The Callender- Hamilton Bridgin System » 
by À. M. Hamilton. 
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4) « Wind Analysis for Airport Design» by Lt. 
Colonel S. B. Solot U S. A. air. Corps. | 
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1) «What Can Be Done About Traffic Congestion ? 
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© 2) «Testing Bailey Bridges to Faïlure» by D. Allan 


°‘ Firmage Army Engineers Board Virginia. 
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Robert N. Clark Sanitary . Engineer, State of New. 
york Department of Health. 
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C) The Future of Research and Development by 
Major General. Benjamin W. chidlaw. 

D) Research needs in Subsistance and personal 
equipment. by Col. William H. De Leam. 
All Mechanical Engeneering. March 1046. 
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2) « Torsion in Steel Spandrel Girders » by } E. 
Lothers Prof. of Archictecture, school of Architecture, 


Oklahoma Agri. and Mech. College, Stillivater. 
Oklahoma. 
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3) « Analysis of Unsymmetrical Bears By The 


Method of Segments > by Sol Lifsitz, civil FRA 
Detroit, Michigan. 
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4) «The Planning of Aerial Photographic Projects» 


by F.S Sette, civilian Production Administration, 
Washington D. C. 
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1. Engine Proportions- with special reference to 
stoke-bore ratio, by À. Mitchell. Pre LAE. 
March 1046. 
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2. A) Research needs of the Navy, by Rear Adimiral 
H. G. Bowen. 

B) Research needs for Weapons by Major General 

G- M. Barnes, 


SU SH y Jece) 2 Ge Les 1 ad dt Lo 

ol Gil Ladl 4 44 25 ES, 
Sons of Gaolia Lid à 327 Al dl G 55e 1 2 
GA oi Le, GAL A ST él 


+ Indicata diagrams ©" te dis”, de SA 5 


9. Publication of the Science Dept of the British 


Council. The Miniscope. Design and construction of 


a Maniature cathode ray Oscillosco . by M. Michae- 


lis. B. S. C. A. Inst. P. 
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4: The influence of Tube shape on Heat Transfer . 
Coïficient in Air to Air Heat Exchangers . by F. H,. 
Green and L S. King. Transaction À S. M. E. 


Februcry 1046. 
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5. Heat Transfer in the Lacomotive Boiler. by 
Lawiord. H. Transaclion A. S. M. €. 
Febuary 1946. 
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Power. | 
April 1046. 
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7. Corrosion Resisting Properties of Electrode 
posited Tin Zinc Alloys by R. M. Angles and R. 


Ken. Engineering. 
March 29 1946. 
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ided two of the most outstanding examples of the. 


use of Heavy Alloy. These are for balancing (ai the 
flight control surfaces and (b) the crankshafts. Thus, 
for example. in order to effect static and dynamic 
balancing of the aileron, fairly massive weights may 


have to be inserted in front of the rear spar within. 


the asrofoil, The space for these weights is very re- 
stricted, and the arc through which the aileron can 
move may be limited by the arc through which the 
counter weight can move without touching the inside 
skin of the aerofoil. The advantage in the use of a 
heavy material in this particular case may be twolold. 
In the first place it will permit complete freedom of 
movement of the aileron.; and secondly, since a 
smaller volume weight may be accommodated further 
from the axis of rotation, its effective moment will 
be greater or conversely the aileron may be balanced 


: with an overall saving in weight. 


Heavy Alloy has also been. used successfully for 
balance weights on variable pitch propellors, for 


centrifugal clutches and vibration dampers, and for ‘ 


many other applications where it is necessary to put 
a large weight into a smali space. Ît has’ also found 
valuable application in the manufacture of gyroscopes 
and gyrocompasses. Since the moment of intertia 


"of a rotating body is directly proportional to its 
mass, it follows that a Heavy Alloy: gyro rotor . 


is RER of storing fwice. as much energy as a 


Tensile strength 
Vield point 
Elongation 
Compressive strength 
Brinell hafdness no. 
Modulus of elasticity 
Modulus of rigidity 
Torsional strength : 
Vield stress 
Torque at fracture * 
Angle of twist at fracture 
Sürface shear stress 
Specific gravity 
” Weight 
Coefficient of expansion 
Electrical Condactivity 
Resistivity 
Thermal conductivity C. G.S. units 
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steel one of the same size. 

Heavy Alloy has also proved of service in entirely 
different fields and particularty in Electrical Engineer- 
ing. Owing to its high tungsten content, Heavy Alloy 
is an ideal material for the arcing contacts of oil 
immersed heavy-current circuit-breakers. Tungsten 
with its low vapour pressure-has long been recogni- 
sed as a good material for this purpose, but it is dif- 
ficuit to produce the metal in the sections required 
for contacts. With Heavy Alloy this difficulty does 
not arise and, being a pressed and sintered product, 
it is possible to produce contacts to exact dimensions 
and thus obviate machining. Heavy alloyc ontacts 
have proved to be very resistant to the destructive 
action of the arc. 


Finally, it is of interest to note the extensive use 
of this material as a container or “bomb” for re- 
latively large masses of radium, such as are used in 
radiam beam fherapy or for the radiographic examin- 
ation of materials. Heavy Alloy was, in fact, ori- 
ginally develpoed for this purpose, since the use of : 
radium necessitates adequate protection against the 
harmful— radiaton. The absorption of the— radiation 
by metals is directly proportional to their specific 
gravity; thus the higher the specific gravity of the 
‘metal used, the smaller the. size of the container. Most ‘ 
of the important radium.centres in Great Britain are 
equipped with Heavy Alloy Radium Containers. 


— tons/sq. in. . : 4s 
— tons/sq. in. 38 
— % on 1 in. 3 
— tons/sq. in 130: 
290 
— Jbs/sq. in. 32X 105 
— Jbs/sq. in. 16.8*X 105 
— tons/sq. in. 12.4 
— in- lbs. 113.4 
— deg.. . 1040 
— tons/sq. in. 47 
ne y 16-17 
— ]bs. per cubic in. 0.6 
— 30° -420°C "56X10 
— ohmcm'1 0.68,/ 10° 
— ohm-cm. 1.47X 10% 
‘0.23 


=. 


Er omedll - a 
83% of methane and 14% or 15% of heavy hydro- 
carbons, which actually increase its efficiency. 


ail Capital and power charges, will be about 46 
pence per equivalent gallon of petrel and the fuel 


costs 16 pence per equivalent gallon, making a total It has a remarkable advantage over other gaseous 
of 22.6 pence per equivalent gallon. Adding a sum fuels owing to its high calorific value. Also, since it 
of 3.2 pence per equivalent gallon to cover ‘miscel- : does not obey Boyle's Law, a greater volume of it 
laneous charges, we get 25,8 pence .per equivalent . can be stored, as compared with town's gäs at the 
gallon of petrol. .. same pressure. Thus, at a pressure of 3,000 Ibs. per 


sq. inch, a charge of methane corresponding to 2.85 
gallons of petrol can be carried as compared with a 
charge of town's gas corresponding to only 1:1 gal- 
lons of petrol. Methane is, therefore, likely to be a 
most satisfactory gaseous fuel for road traffic in the 


A few words must be said about methane, which 
“is almast the ideal gaseous fuel for internal combust- 
ion engines. The sources of methane are sludge gas 
from sewage, town's gas or coke oven gas by cata- 
lytic methods, blow holes in coal mines, and natural 
sources associated with the production of shale oil. future, providing suitable compressor stations and 

” Mettiane gas used as a motor fuel contains 82% or . distributing points can be arranged. 


ee. ee ee 
HEAVY LLOY 
Ca 
G. H. S. Price, B. Sc. 
| Report issued by the British Council 


The engineer is continually faced with the pro- at a reasonable price, opens up new possibilities to 
blem of balancing the moving parts of machines of the désigner. 
“ : sen ml re ne sun ou Heavy Alloy is a powder metallurgy product. It 
, RARES FFE . He Rue 0 pee contains about 00% tungsten, alloyed with nickel and 
sible, separate balance weights have frequently to be ; RRRee d 

: RP , -  copper, and’ is manufactured by Sintering presse 

added. If there is plenty of space no difficulty is : Le ivdert 1 abnnetee 
xperienced in accommodating these weights, and it - C°mMPaCis of the mixed metal powders p 
: ; hi | F ÿ k ture of approximately 145° C. Unlike pure tungsten, 
A UMR IE DIeeNS OCR Iron Heavy .Alloy can be readily machined; drilling, 


or lead serving no other purpose than that of balan- tapping, shaping, Kknurling etc, presenting no dif- 
Fe HONDA % nn machine There ve ficulties. It is completely resistant to atmospheric 
owever, many cases where the space is very restri- : ‘ : : 
ted or where lead (with its low ls en and RE ss use ne ' ie ï . 
its poor mechanical properties) is unsuitable ; these . Li ee se Lars . ne. ] Ha F un be 
factors have stimulated the search for a strong ma- RieReR REONE LS Ÿ 
brazed and silver soldered by the usual methods, and 


terial as heavy or heavier than lead. There are of a special method of welding in hydrogen has been 

is es o FAP RIÉRIOUS mets: a A. gold tna developed which sometimes permits complex shapes 

platinum, which HAVE densities ApproeRIte twice to be built up from simple pressings. The resultant 

that of lead; but their cost makes! them altogether . weld is indistinguishable from the parent alloy. 

prohibitive for use as generai engineering materials. | ' 

The development of “Heavy Alloy” at the Research The most important properties of Heavy Alloy 
” Laboratories of The General Electric Co. Ltd, Eng- are given in the following table. 

gland has resulted in an entirely new engineering 

material being made available to industry. This ma- 

terial, which is as strong as steel yet twice as heavy 
“and which may readily bè obtained in massive form use of light and uitra-light alloys) sould have prov- 


Its is of particular interest that the aircraft indus- 
try (notwith-standing its continual drift towards the 
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war ended, the Board of Trade had issued 5,000 
- permits to vehicle owners enabling them to obtain 
gas for running their cars. - 


. The difficulty with these early gas-çcars was that 
they carried supplies of gas at low pressure, and so 


could travel only a short distance before stopping ‘ 


to refuel. Subsequent research developed rigid pres- 
sure-storage chambers and rubber fabric bags in 
which gas could be carried at some 150 Ibs. pres- 
sure per sq- inch. At a later stage, experiments were 
made with bottles of low and medium carbon steel 
but although able to withstand high pressures, thcy 
were found excessively heavy. Eventually the ideal 
metal for compressed gas cylinders was found to be 
nickel - chrome - molybdenum steel, which allows the 
. Working pressure to be raised to at least 3,000 Ibs. 
per sq. inch. 


After a great deal of research, the maximum . 


working stress was limited to 25 tons per sq inch. 
A standard cylinder of nickel - chrome - molybdenum 
steel is 74 inches long by 8 inches diameter, weigh- 


ing 124 Îbs. À medium sized vehicle carried some 6 : 


or 7 of these cylinders, giving it an operating radius 
of 40 or 50 miles on a single charge. Vehicles of 5 
“tons carry enough gas for a 60 to 85-mile trip with- 
hout stopping to refuel. The development of these 
thin-walled cylinders marks an entirely new mile- 
‘stone in the history of gas - driven cars. - 


Anterest in the gas-propelled vehicle subsided for 
‘a while after 1918, but in the 1932 Depression, the 
City of Birmingham Gas Department made a com: 
plete investigation of the problem, including the de- 
velopment of compressed gas technique, the use of 
mixed gases, supercharging, and even modification 
of engine design. This work forms the basis of the 
compressed gas-driven car as itis KNOW to-day. 


The compression of the gas is carried. out by 

‘ muttiple- stage compressors at charging stations suit- 

ably situated. The car, however, has to carty' an 

apparatus to reduce tha pressure of the gas in the 

containers to atmospheric pressure before passing it 

into the engine cylinders. This: important piece of 

‘ equipment, known as 1hè reducing valve, usually 
carties out the reduction, in two stages. 


Gers - 84 


The gas now passes through a gas mixer or 
“carburetior”. In operation, the suction of the engine 
moves the piston against the spring ; air then enters 
through the adjustable air ports and corresponding 
slots in the piston. Gas enters through the annular 
space between the cone and the piston. The fuel: air 
mixture passes to the engine via the butterfly control 
or the petrol carburettor adaptor. 


How does ihe power derived from town's gas 
fuet compare with that of petrol or fuel oii? 


It has been found that a gas-air mixture drawn 
into the cylinder has only 88.3 % of the calorific 
Value of a corresponding petrol- air iatake. The opti- 
mum power output cannot be greater than 88.3 % of 
the power on petrol, and-in practice other factors 
such as exhaust temperature and loss of potential 
heat in the exhaust products reduce the power on 
gas to about 80% of petrol. This loss can be over- 
come by providing supercharging or a higher engine 
compression ratio, but this is generally unnecessary 
and too expensive for ordinary practice. 


Tests have proved fhat 1.4 to 1.5 therms of gas 


are equivalent to 1 galion of petrol. 


AS an alternative to compressed town’s gas the 
low pressure system using a fabric container on the 
roof of the vehicle, has been extensively used in 
Britain. The gas bag can be filled from the ordinary 
gas distributing system so that no compressors and 
elaborate filling gear is necessary. The bag holds 


” the equivalent of only 1 fo 2 gallons of petrol, but 


as filling points can be easily arranged, this is not a 
serious disadvantage. "Oné large gas undertaking 
using this system on a fleet of small vans saved 
7,000 gallons of petrol ir six months. 


Racently, research work carried out by Dr. J. 
Rifkin at Birmingham University has shown that 
compression igaition engines can be run satisfactorily 
on a mixlure of gas and fuel oil, the gas being in- 
jected into the cylinder during the .suction stroke. 
The brake thermal efficiency of this composite fuel 
is lower than that of uil alone until nearly full load 
is reached, after whih, at full and overload, there is 
a substantial increase in efficiency. 

The cost of running on town’s gas compares not 
unfavourably with that on petrol. If gas is supplied 
at 12 pence a therm, compressing costs, including 


es 


___6Ÿ 


engineer Seliers, who was President of the Franklin 
Institute in 1864. In his opinion it was not easy to 
cut threads at an angle of 55 degrees, nor could a 
fit be readily secured between rounded crests and 
roots. He proposed instead an-angle of 60 degrees, 
combined with flat crests and roots. This is now 


known as the United States (Sellers) standard. Thus 


on the basis of the inch system of-measurement there 
are now in existence two ‘general purpose” stand- 
ards for screw threads, apart from fine and other 


‘threads evolved for special purposes. À third standard, 


based on the metric system has been eslabtished in a 
number of other couniries. : 
Rapid progress in transport facilities, a great ex- 
pansion of international trade, and the ever - increas- 
ing demands of méchanised warfare have in recent 
years emphasised very forcibly not only the pressing 
need for uniformity in screw thread practice in each 
country, but also the many advantages that would 
result from the adoption of a single world - wide 
standard. The prospeet of attaining such a standard 
is at present reinote, owing to the difficulty in arriv- 
ing ai a common system of measurement. À compro- 
mise based on the inch system of measurement, on 
the other hand, presents far .lees dilficulty; and the 
desirability of such a compromise has been strougly 
impressed on British and American enginéers during . 
two major wars in which their countries have fought 
together as Allies. The possibility of arriving at a 
unified British and American system of screw threads 
was therefore discussed at conferences between Brit- 
ain, the United States and Canada, held in 1943 and 


‘1944 to investigate problems relating to the “manu- 


facture of threaded products. A further conference 
on the unification of screw threads has recently been 
held (June 1945) at the Institution of, Mechanical ‘ 


cell 


Engineers in London, whilst another is to be held in 
Canada during the coming autumn. 


These conferences have thrown considerable light 
on the difficulties arising out of the divergencies in 
screw thread practice, and the problems to be solved 
before agreement on a common standard can be re- 
ached. For example it was stated by Lord Wooïton 
at the-recent conference in London that.lack of uni- 
formity in British and American screw threads had 


- cost the Allies during the war as much as one 


bundred million dollars. lt is realised, however, that 
though the divergencies in screw thréad practice are 
not great, any compromise that may be adopted 
must necessarily involve heavy ‘capital expenditure. 
The problem from this point of view is to give 
practical application to whatever compromise is 
agreed upon, such that the advantages of unification 
are ensured whilst capital expenditure and distur- 
banoe of production are reduced to a minimum. But 
apart from economic considerations, it is very neces- 
sary to weïigh cartiuily the technical merits of any 
proposals made, so that sound design shall not be 
sacrificed in the desire to secure an early compro- 
mise. The fact that in Britain fhe Institution of Me- 


« Chanical Engineers, in cdllaboration with the British 


Standards Institution and the Institution of Product- 
ion Engineers, will be holding two more conferences 
on this-subject before the autumn meeting in Canada 


“ is sufficient evidence of a general desire to arrive at.. 


a result that will be satisfactory from all points of 


. view. There is ample evidence also that American 


engineers are anxious to reach a conclusion in this 
matter worthy of the English- speaking peoples who 
bave long ibeen pioneers in thé rationalisation of 
screw thread practice. 


GAS AS A TRACTION FUEL. 


by 


G. W. L. Day. 


Report issued by the British Council 


Petrol is so efficient a fuel for internal combustion 
engines that.but for the changes and chances of this 
turbulent age it is doubtfui whether gas would ever 
have been considered seriously as a fuel for, road 
transport. Save for the service of gas- driven trams 


running between Blackpool and Manchester, this 
method of traction was unheard of in Great Britain 
Belore the last war. In 1916 a Thornycroft single - 
decker bus driven by tawn's gas began running 
between Beeston and Nottingham, and before the 
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THE UNIFICATION OF SCREW THREADS 


BY 


Hugh P. Vowles, M. I. Mech. E. 


Report issued by the British Council 


The screw thread is one of the most fundam- 
ental of mechanical inventions. Most early screw 
threads were formed by hand on wooden spindles. 
It was not until the sixteenth century that screws of 
iron and bronze came into fairly general use as me- 
tals began to reinforce wood in the construction of 
machinery. Early in that çentury Leonardo da Vinci 
illustrated several devices for cutting screw threads, 
and in 1578 Jacques Besson described and illusfrated 
a crude form of screw- cutting lathe. 


Towards the end of the eighteenth century and 
early in the nineteenth, Henry Maudslay converted 
the lathe into an instrument of precision by construct 
ing it entirely of iron, and incorporating such novel 
features as the slide rest with a traversing tool and a 
lead screw in combination with geared wheels for 
producing screw threads of any desired pitch. The 
aim of ensuring greater accuracy in the production 
of screw threads was followed up enthusiastically by 
Maudslay’s pupil Joseph Whitworth, who also laid 
great stress on fhe need for standardisation in the 
form of threads. In a communication to the Insti- 
tution of Civil Engineers in 1841 he wrote: “Great 


inconvenience is found to arise from the variety of. 


threads -adopted by different manufacturers. The 
general provision for repairs is rendered at once ex- 
pensive and imperfect. The difficulty of ascertaining 
the exact pitch of a particular thread, especially 


when it is not.a sub-multiple of the common inch 
measures; occasions ‘extreme embarrassment. This 
evil would be completely obviated by uniformity of 
system, the thread becoming constant for a given 
diameter. The same principle would supersede the 
cosily variety of screwing apparatus, required in 
many establishments, and remove the confusion and 
delay occasioned thereby. It would also prevent the 
waste of bolts and nuts which is now unavoidable. 
The impulse and direction given to machinery dur- 
ing laté years have tended to increase these evils, 
and must ultimately leäd lo a change of system.” 


At that time every maker developed his own pitch 
and shape of screw threads. The proplem of secur- 
ing some degree of uniformity in Britain alone was 
formidable enough, without looking further afield ; 
and indeed there was in those days little reason to 
anticipate the desirability of establishing a world - 
wide standard. Concentrating on immediate practi- 
cal possibilities, Whitworth caliected a number of 
examples from the principal British manufacturers, 
and then designed a Standard thread based on the 
average of those most widely used. His standard 
thread was rounded at the root and the crest; the 
sides forming an arfgle of 55 degrees. This eventual- 


Jy became the British Standard (Whitworth) thread. 


Meanwhile in the United Sfates a different standard 
emerged, based on the views of the American 
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ASSOCIATED BRITISH MANUFACTURERS 
(EGYPT) LIMITED 


Building “B”"—Sharia Emad el Din 
CAIRO. — C.R. 45 


® Brimingham Small Arms Co. Lid.—Small Arms, Caros 
& Lorries for Military Purposes etc. 

British Insulated Callender's Cables Lid.—Manutfacturers 
of all types of Electric Cables, Contractors for Grid 
Mains HT. & L.T. 

Dorman, Long & Co. Ltd.—Quiders, Bridge Work, 
Structural Buildings etc. 

The English Electric Co. Léd.—Steam Turbines, Water 
Turbines, Oil Engines, Switchgear, Transformers, Electric 
Plant & Equipment for Mills Factories & Workshops, 
Electric Traction for Rail and Road Transport etc. 


Thos Firih & John Brown Lid.—Corrosion—Resisting 
Steels, Files, Saws and all High Speed Steel Tools, 
Castings & Forgings. 

Firth-Vichers Stainless Sleels Lid.—“Staybrite’”’ Stainless 
Steël. 

Glenfield & Kennedy Lid.— water Meters, Sluice Gates 
& Irrigation Machinery. 

R. & W. Hawthorn Leslie & Co. 
Engines & Boilers, etc. 

Hughes & Lancasler 
Specialists. | 

Hurst, Nelson & Col Lid.—Railway Roiling Stock. 

The Paterson Engineering Co. Léd.—Large Filter 
Jastallations & Waterworks, Bath Water Purification 
Plants, Chlorinators & Water Softeners. 

Robert Stephenson & Hawthorns Ltd. —Railwav Locomo- 
tives, Lovcomotive Cranes etc. 


Lid.—Ships, Marine’ 


Lid.—Sewage & Drainage” 
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THE SWISS AGENCIES Co. 


REPRESENTATIVES OF COLOR METAL 


Zuerich. 
7, Midan Khedive [smail, 


CAIRO 


C. R. 56360 Tel. 44395 


COMMERCIAL DEPARTMENT 


Deals in the following Items : 


Workshops : Precision Lathes, Measuring Instru- 
ments, Metal spraying of 'surfaces, Curcibles for 
melting of Metals etc. | 

Power Stations : Apparatus and Instruments for 
Temperature and Discharge Measurements, Fuel 
Burners etc. 

House hold Equipment : Cookers, Heaters, 
Boilers, Air conditioning etc. 

Chemical Industries : Furnaces,. Distillation 
Apparatus, Drying Ovens etc- 
Metailurgical Industries : Melting Furnaces, 
Metal Presses. etc. 

Garages : Air Compression Units etc. 
Laboratories : Drying Ovens, Testing machines, 
Electrical Apparatus, Liquid Transfer Tubes ‘etc. 
Shoe Making : Machines for shoe repair. 
Photography : Drying Equipment for Photographic 
Prints, lighting Equipment etc. 

Agriculture and Dairy. Industry :. Ploughs, 
Tractors, Dairy Apparatus and equipment etc. 


Diesel Motors : 


and various other apparatus used in the different 
Jndustries. 


Tractors & Agricultural Machines 


ENGINEERING DEPARTMENT 


Dredging of canais and Drains by means of 


special pumping Equipment. 


Underdrainage and the manufacture of the pipes 


used in them. 


Building by the use of movable scaffoldings. 
Constructions under water. 

Modern Products used in buildings. 

Air Conditioning. 

Central Heating. 


Ice Making Installations, and the preserving of 


Agricultural Products. 


Drying of Fruit and other products. 


Laundry Installations etc. 


* Diesel Engines 
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THE SWISS AGENCIES Co. 


REPRESENTATIVES OF COLOR METAL 


Zuerich. 
7, Midan Khedive Ismaili, 
CAIRO 


C.R. 56360 Tel. 44395 


COMMERCIAL DEPARTMENT 
Deals in the following ltems ; 


Workshops : Precision Lathes, Measuring Instru- 
ments, Metal spraying of surfaces, Curcibles for 
melting of Metals etc. 

Power Stations : Apparatus and Instruments for 
Temperature and Discharge Measurements, Fuel 
Burners etc. 

House hold Equipment : Cookers, Heaters, 


Boilers, Air conditioning etc. 
Furnaces, Distillation 


Chemical Industries : 


Apparatus, Drying Ovens etc. 

Metallurgical Industries :. Melting Furnaces, 
Metal Presses. etc. 

Garages : Air Compression Units etc. 


Laboratories : Drying Ovens, Testing machines, 
Electrical Apparatus, Liquid Transfer Tubes etc. 


Shoe Making : Machines for shoe repair. 
Photography : Drying Equipment for Photographic 
Prints, lighting Equipment etc. 


Agriculture and Dairy Industry : Ploughs, 


Tractors, Dairy Apparatus and equipment etc. 


Diesel Motors : 


and various other apparatus used in the different 


Industries. 


Tractors & Agricultural Machines 


) 
ENGINEERING DEPARTMENT 


Dredging of canals and Drains by means of 


special pumping Equipment. 


‘Underdrainage and tie manufacture of the pipes 


used in them. 


Building by the use of movable scafioldings. 
Constructions under water, 

Modern Products used in buildings. 

Air Conditioning. 

Central Reating. 


Ice Making Installations, and the preserving of. 


Agricultural Products. 


Drying of Fruit and other products 


Laundry Installations etc. 


tee 


Diesel Engines 


l 

il | 

i THE UNITED STATES & MIDDLE EAST CORPORATION 
| HARTFORD, CONNECTICUT, | ‘ 

| U. S. A. 

Î 

| ARABIA LEBANON 

| EGYPT PALESTINE 

| ERITREA SUDAN 

| ETHIOPIA SYRIA 

| IRAQ TRANS JORDAN 
{IRAN TURKEY 
MANUFACTURERS REPRESENTATIVES AND DISTRIBUTORS 

\ PLUMBINO & HEATING :— 


Cast Iron Pipe and Fittings, Steel Pipes, Malleable Iron Fittings, Wrought Iron Pipe, Hot Water 
Specialties, Steam Heating Specialties, Vacuum Heating Equipment, Gas Fired Room Heaters, Oil Burners, 
Boilers (High & Low Pressure, Steel & Cast Iron), Radiators, Valves, Pumps, Tanks, Coils, Feeders, Sewer 
Ejectors, Compressors, Plumbers. Repair Parts, Closet Seats, Bathroom Accessories, Plumbing Fixtures, 


‘Plumbers Brass Goods, etc. 


REFRIGERATION AND AIR CONDITIONING :— 
Compressors (Freon, Ammonia, Methyl Chloride), Condensing Units, Evaporative Condensors, Cooling 
Units, Room Conditioners, Air Blowers, Assembly Parts for Household and Commerciat Refrigeration, 
Automatic Controls, etc. 


INDUSTRIAL AND PROCESSING EQUIPMENT :— 
Corrosion Resisting Process Equipment, Ice Making Plants, Cotton Seed Oùl Plants, Soap Factories, 
Power Plants;, Generating Sets, Tanks, Presses, Grain Handling Equipment, Automatic Sprinkler Systems, 
Laundry and Dry Cleaning Specialties, etc. 


HOUSEHOLD Uriuimes :— 
Commercial Dishwashers, Water Coolers, Drinking Fountains, Metai Windows, Blinds, Screens, Vacuum 
| Cleaners, Metal Cabinets, Mirrored Cabinets, Kitchen Range Units: Gas and Electrical, Stainless Steel and 
Monel Metal Sinks, Porcelain Enameled Cabinet Sinks, Radios, ete.. 


Î Toors:— . 
Mechanics Hand, Sheet Metal, Wood Working, Plumbers, Welding, Steel Cutting, Bending Tools etc. 


MIDDLE EAST OFFICE 
1056 Immobilia Bldg. 
“Tel: 52397 - CCR: 52061, 
Cable : USMECORP — Csiro, 
CAIRO, EGYPT 
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KNOWN THE WORLD OVER 
FOR QUALITY STEELS . . . 


REPUBLIC 


STEEL CORPORATION 
NEW-YORK AND CLEVELAND 
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ASSOCIATED BRITISH MANUFACTURERS 
(EGYPT) LIMITED 


Building “B"—Sharia Emad el Din 
CAIRO. — C.R. 45 


Brimingham Small Arms Co. Ltd.—Small Arms, Caros 
& Lorries for Military Purposes etc. 

British Insulated Callender's Cables Ltd.—Manufacturers 
of all types of Electric Cables, Contractors for Grid: 
Mains HT. & LT, 

Dorman, Long & Co. Lid.—Quiders, Bridge Work, 
Structural Buildings etc. 

The English Electrie Co. Lid.—Steam Turbines, Water 
Turbines, Oil Engines, Switchgear, Transformers, Electric 
Plant & Equipment for Mills Factories & Workshops. 
Electric Traction for Rail and Road Transport etc. 

Thos Firth & John Brown Ltfd.—Corrosion—Resisting 
Steels, Files, Saws and all High Speed Steel Tools, 
Castings & Forgings. 

Firth-Vickers Stainless Steels Lid— 
Steël. | | 

Glenfield & Kennedy Lid.—\water Meters, Sluice Gates 
& Irrigation Machinery. 

R. & W. Hawthorn Leslie & Co. Ltd. —Ships, Marine 
Engines & Boilers, etc. 

Hughes & Lancaster 
Specialists. 

Hurst, Nelson & Col Lfd,—Railway Rolling Stock. 

The Paterson Engineering Co. Lid—Large Filter 

Installations & Waterworks, Bath Water Purification 
Plants, Chlorinators & Water Sofîteners. 

Robert Stephenson & Hawthorns Ltd. -— nie Locomo- 

tives, Lovcomotive Cranes etc. 


“Staybrite” Stainless 


Lid.—Sewage & Drainage 
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Note on Lake Tana Project 
By 
Dr. H. E. Hurst 
Director General, Physical Department 


15 — 7 — 1943. 


e The project is useful to Egypt mainly because 
it will provide extra Water in the period before the 
Lake Albert Reservoir and Sudd Conservation Project 
can be constructed. The aclual benefit will be given 
later. . 

e«_ltis vital for the expansion of cultivation in 
the Sudan. 

e Recent events have shown that it is important 
to make an equitable agreement with Abyssinia about 
the use of the waters’ of the blue Nile and its tributaries 
for irrigation in Egypt and the Sudan while there are 
still no conflicting interests. 


e The effects of the Reservoir on water regulation 


in Egypt can all be put in terms of filling Aswan 
Reservoir, which has to take into account the maximum 
permissible heads on the Esna, Nag Hammadi and 
Assiut Barrages. It is assumed that Esna Barrage has 
been strengthened and Aswan Reservoir is filled to 121. 

In most years there is no dilficulty in filling Aswan 
Reservoir, and the abstractions at Tana will only 
mean that to fill Aswan it will be necessary to start 
about 5 days earlier than the normal procedure. The 
extra silt which may be depositéd in these 5 days is 
of negligible importance. 

If we consider the period 1870—1942, with the 
expansion of Egypt as it should be in 1953, and the 
Sudan with the water allowed in the MacGregor- 
Abdel Hamid Soliman Report, there will be difficulty 
in filling Aswan in 6 years out of the 73. With 
Tana to fill in addition the difficult years will be 
increased to 12. ; 

The Buicher- Mac Gregor report puts the mean 
benefit of the project at 2.8 milliards at Tana, say 
2.1 at Aswan. The Sudan is not likely to take as 

. much as 1/3 of the water before 20 years. Before 
“this Egypt should be well onthe way to solve the 
* problem of difficult years, in the only possible way 
. ie. by the Sudd Albert Project. 

‘ For 20 years then the share of Egypt is likels” fo 
be more than 2/3 of Tana water. Taking it at 2/3 or 
about 1.5 milliards at Aswan, and setting the deficit 
in filling Aswan in a few years against the Tana 
water, the gain is about [ milliard per annum If the 


sl 


Sudan takes only 10 per cent the annual gain to 
Egypt is about 2 milliards per annum. The delicits 
in filling Aswan which will occur in certain years 
can be reduced by economies in distributing water 
to the crops. 

e Two schemes have been studied by the J.G. 
White Corporation. The cheaper involves raising the 
maximum level of the lake by 1.5 metres; the ‘other 
Keeps the maximum level as it is now. The Corpora- 
tion in its report recommends the raising of the lake 
as being advantageous to the Abyssinians, as it 
certainly is to Egypt and the Sudan from ne storage 
point of view. 

The only objection to the increase of lavel is that 
a number of churches and ruins would be flooded. 
It is suggested that an offer to rebuild these in a 
good and handsome manner, as well as giving 
presents to the priests would overcome the difficulty 
of the churches at no great expense. 

- The claim to raise the lake level should be Head 
as much as possible, as it is probable that the Empe- 
ror is now in an easier position as to this than 
formerly, since his power relative to that of the great 
chiefs must have increased. 

It may be mentioned that if the lake could be 
raised there is a possibility of over:year storage. This 
has been dismissed previously as ureconomic, and 
it was said to be impossible to make use of over-year 
storage. Asto the latter E think means could be 
devised for using over-year storage, and l think the 
matter should be reconsidered. In any case the value 
of the concession would be increased if the lake 
could be raised. Three metres rise of the lake above 
the present maximum level would mean rebuilding 
about 20 churches or one quarter of the number 
near the lake. ; 


e If the concession to raise the lake 3 metres 
should be obtained, the project as given in the J.G. 
White Report would need some modification, but the 
modification would merely mean building a higher 
dam and would not be a fundamental change. The’ 
method of regulation would probably be changed, 
but this is only a matter of calculation. . 


e Inthe J.G. White Project there was a large 
programme of road-making. The Italians during their 
occupation cf Abyssinia made many excellent roads 
so that there is little doubt that the work of making 
roads will be considerably reduced. 
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to be a main traffic highway - from the City proper. 


the business centre to the Government centre at 
Westminster - but now its chiet function is as a 
docking and wharfiag area below the famous Tower 
Bridge. It could be made far more uselul as an open 
space in the central portion and you will see on the 
plan the suggestions for riverside gardens, swimming 
pools and an extension of the present partially 
existing-embankment drives. : Ît is curious that since 
the 18th century London has as it were turned its 
back on the river which originally determined its 


Cont. from Page 2: 
TABLE. 1. 

. Intensity of Ultraviolet energy shorter than 3150 
measured in microwatts per sq.cm. for certain levels 
of illumination during the midday hours on clear 
days in summer, compared with that from white 
(3500°) Fluorescent lamps. 

a. Direct Sunlight. 

b. Skylight, clear blue sky. 

c. Sunlight plus skylight. 

d. Direct Fluorescent light, 3500° white. 


Foot Microwatis Metal 
er og. Cm 
ee ie Per footcandie 
Actual | Relative, Actual |Relative 


intensity of Ultraviolet Energy Shorter than 3150* 


a. | 6600 | 56 70 | 0.0085 Vo.s3. 
b. | 1900 n7 |146 | 0.0620 |3.85 
c. | 8500 173 | 216 | 0.0205 [1.28 
d.| 50 0.8 1 |0.0160 |£1.00 


Intensity of Ultraviolet Energy Shorter than 3150 
Erythemally Weighted f 


a. | 6600 7.5 214 0.00114| 1.63 
b. | 1900 15.6. 450 - 0.00820| 11.7 

c. | 8500 23.1 660 0.00272| 3.88 
d. 50 0.035 1 0.0007 | 1.00 


* Most surfaces do not cfiiciently reflect Ultraviolet energy 
shorter than 3150. Therefore, the footcandies due to reflected 
light are generally accompanied by relatively little of this 
Erythemally energy: . l 

+ À six-year record of Erythemally weighted Ultraviolet 
energy in daylight indicates that in midwinter it is abJut 

Oithat ia, iliennm': at 10N laitude. 
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location and has almost ignored this potentially great 
natural asset. à 

The London County Council have accepted 
in principle the Plan and are beginning on the road 
layouts as scon as they have sufficient labour the 
bombed areas are being planned in accordance with 
the detailed proposals of the Report in consulation 
with each local aüthority concerned and the people 
of London have given the whole scheme their sup- 
port most enthousiastically, 


TABLE. Il 
intensity of Radiant Energy Per Feotcandie 
for Various Nluminants. 


Microwatts Per Sq. cm. 
Per Foatcandle 
Actual | Relative 

Clear skylight through 1/8” glass | 49 .| 0.61 
Sunlight, midday summer 9 1.22 
Sunlight through 1/8” glass 7.5 | 60.04 
Fluorescent lamp, 40-Wait, 3500° | 8 1.00 
Same through 1/8” clear glass . 3.5 0.44 
Fluorescent lamp; 40-Watt, 6500° | 10 1.25 
Same through 1/8” -ciear glass 4.5 0.56 
Tungsten - Filament lamp, 60 Watt | 55 6.9 
Tungsten-Filament Jamp,100-watt | 45 .5.6 
Tungsten Filament lamp,200-watt ! 40. | 5.0 

 Fluorescent Tubes made by 

Grompton Parkinson. 
40 watt 200/250 A.C. and D.C.- 
Diameter 15 in 
Length 4 ft. 

Cap Bi - Pin 

Colour Warm White or Day light 

Light output 1600 lümen 

Efficiency after 100 hours 40 L/W. 

Life: 2500 Hours average. 

80 Watt 200/250 voits A.C. and D.C. 


Diameter 14 in. 


Length 5 feet 
Caps Standard B.C. | 
Colour Warrm White or Daylight 


Light Output 2800 Lumen 
Eïficiency after 100 Hours 35 L/W 
° Life 3000 Hours 
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of Government and a great cultural and commercial 


centre and as a machine with special reference to the 
machinery of locomotion. 

The most difficult planning problem to solve is 
the relation of where people work to where they live 
Theoretically work and home should be as close 
together as possible provided proper living condi- 
tions can be obtained and ideally it should be pos- 
sible to replan the industrial boroughs of London so 
that people whose work is there will not be forced 
‘to live out in the suburbs in order to obtain good 
houses, 
playing fields. Nor should the people who have to 
be decentralised in order to make room for these 
- good conditions, be forced to rush back into the 
town for their work - they should have a choice of 
work near at hand. That is the principle behird the 
Greater London plan - the ‘details of which have 
‘been published this summet - which provides for a 
ring of satallite towns round London to take the 
.surplus population from the overcrowded centre. 

(Number estimated to be removed from the 
congested parts of London to secure the conditions 
postulated in our Plan is between 5 & 600,000). 

This process of decentralisation has been going 
on in an unplanned way for many years-the popu- 
lation in the centre dwindling and the suburbs. 
spreading - and what the plan largely tries to do is 
to anticipate this movement.by wholesale rebuilding 


in ,complete communities instead of in piecemeal | 


development. It is the provision of an adequate 
amount of open space which is the determining 
factor for decentralisation - and although there has 
been a lot of arguement on the exact figures it is 
now accepted that 4 acres per 1000 of the population 
is reasonable. Many authorites think this too low 
and put the desirable standard at 7 acres, but this 
is not yet possible in an area as densely built up as 


London already is and one must remember that in 
addition to the 4 acres aimed at within the builtup 


area there are an additional 3 per 1000 provided 
outside the Country in the Green belt or in the 
wedges of green space leading in from the open 
country to the County boundary. This isin the 
nature of weekend space in contrast to the daily 
open space of parks, playgrounds and gardens round 
houses. DA 


gardens, open. spaces and schools with | 


Le 


The question of houses with gardens versus flats 
in parks, or equivalent open space is really what we 
call a red-herring across the trail-it. is à purely 
practical question of how a great number of people 
are fo be housed adequately on a given piece of 
land and while the process of decentralisation goes 
on it will be essential to have fiats in the central 


_ parts simply in order to clear the ground. But in the 


outer part the English tradition of the small house 
with its owngarden will be the rulethough there is a 
hope that we shall group heuses in terraces, squares 
and other more architectural arrangements than the 
semi - detached boxes which made our suburbs so 


hideous before the war. 


The Community principle is the basis on which 
the whole plan is built up-ihe conservation or 
creation of communities which. would in turn:be 
divided into smaller neighbourhoods grouped round 
the schools. ‘ 


The intention is that no child shall have to cross 
a main road from home to school and that each 
neighbourhocd should have a centre, perhaps focus: 
sed on the schooï with proper open space, local 
shops and the other amenities needed for a popula- 
tion of between 6,000 and 10,000 people. 


This is of course for the residential parts-the 
central areas of London as the Metropolis presents 
rather a different picture. Here it is rather the 
preservation of the special quarters, such as Gouver- 
nment round Wesiminster and Whitehall, University : 
round the British Museum and the new university 
building and the amusement areas in Theatre Jand 
round Piccadilly Circus which need protecting from 
the encroachment of fast traffic. The whole of the 
fast ring- road to drain away all through traffic from 


* the central area is clear -linked by radial arms for 


approach to the centres of shoping, amusement, 
commerce etc. There is a full description in the Re- 
port on the proposais for “Precinctal Planning” which 
is really going back to the medieval idea of a quiet 
area round important buildings to allow for the 
circulation of local traffic and pedestrians only. | say 
Mediaeval because to is similar in the idea of the 
close round the Cathedral, or the Market square, or 
even village green. There is of course the river 
which is almost a separate problem in itself - it used 
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of London is that there is a living and organic 
structure persisting in spite of overgrowth and decay 
in many places and in spite of the arbitary artificial 
boundaries which were imposed during the 19th 
century - things like local authority boundaries, 
police areas etc’. - This organic structure consists 
of à collection of units or communities fused together 
even ‘when their boundaries are obscured, their 
centres remain - being neariy always descended from 
ancient villages. 1 do not think you have quite the 
same thing here in Cairo though 1 have not yet had 
any time to study the plan - but at a first glance the 
structure of this city would appear to be more fluid 
than in London. There in addition to the physical 
grouping there is often a strong local loyalty to each 
community which must be taken into account when 
considering reconstruction of any particular part or 
of the whole. 


The planning cf a Town should stimulate and 
correct its natural evolutionary trends and that is 
why the London pian is so likely to succeed and to 
attract the support of the people for whom it is after 
all being planned - becaase it-includes the best of the 
existing London with all its historical associations 
and seeks to enhance its strongly marked eharacter 
rather than imposing a new and arbitary pattern. 


Now what are the major defects of Londan as at 
present? They are 4 


Traffic congestion - a street system unsuited to the 
internal combustion engine and the confusion 
caused by overcrowding of activities. 

Depressed Housing : the heritage of the Industerial 
Revolution large areas of dreary and manotonous 
streets quite apart from the real slum areas of 
the east end. 

Lack of and Maldistribution of open space - In spite 
of its wonderful park system in the centre and 
West end and the inspired action of the L.C.C 
{London County Chuncil) in preserving the Green 
belt area on the outskirts there are huge portions 
with no proper play space for theinhabitants and 
greatest crime of all no play- grounds for children 
other than the Streets. 

Jumble of houses and Industry-referred to as indetermi- 
nate zoning. The Haphazard mixing up of houses 
and factoiles particulary in the East end and in 
the borougs on the South bank of theriver, This is 


often unhealthy and uneconomical in space and 
services but needs very careful thought if itis to 
be reorganised because London has alwa s 
specialised this ‘small scale type of industry-a 
paradox the largest city in the world but an 
inheritance from the mediaeval paitern when each 
merchant lived above his own shop or workshop. 


This does not by any means exhaust the defects 
there are also the problems of the !Railways which 
grew in such a haphazard manner that they now 
carve up whole areas of the town into patches ;of 
noise and dirt which are a disgrace to any modern 
City and the aesthetic question of architectural 
squalor i.e. illconsidered commercial additions to 
historic Georgian squares and the wanton destruction 
of individual buildings of great architectural merit. 
You will notice that 1 am not: mentioning the War 
damage and bomb destruction - that is a separate 
question and great as are the areas to be reconstruc- . 
ted it in no way affects the principles of re- planning 
at all- except in so far as it provides a starting point 
for re- building in the areas that have been cleared. 
Itis of course an indication of the total size of - 
London that one can dismiss the area of bomb 
devastation in these terms. 


Vou must realise of course that this is only an 
outline talk on the Plan { could not attempt to cover 
ail the points in a short time - but it will 1 hope give 
you some indications of what to look for when you 
come to study it in detail. 

Now for the Remedies Proposed 

There is first the technical question of the Survey 
which has to be made and the study of previous 
planning proposais - all of which work was under- 
taken Curing the war and some of which is not yet 
complete “ as for instance the consideration of the 
railways and their electrification from the outskirts 
in to better linked terminal stations À great deal 
more research needs to be done in all these fields. 
But the important thing to note is that these surveys 
besides recording. facts serve the purpose of breaking 
up the problem into its component parts so that they 
can be studied separately and in relation to the 
whole. 

London must be regarded as a community where 
people live, work and play, as a Metropolis, the seat 


— 4 — 


————crsill 


YA = 


THE LONDON PLAN 


By: Ms P. D. WILLS 


A Lecture arranged by the Egyptian Architectural Engineering sociely 


Mr. Chairman, Ladies and Gentelmen; 

__ Ffeel very honoured at being asked to adress 
you this evening on such a vast subject as the 
. London Plan, not only because ! know that Sîr 
* Patrick Abercrombie was in Egypt early this year 
and that some of you may have heard him speak on 
what is his greatest achievement to date but because 
} am a new comer to this country and feel a natural 
diffidence at addressing an Egyptian audience. 


l'have always heard that you demand a very 
high standard in public speaking and knowing how 
critical architects in particular are of other members 
of their own profession | feel doubly nervous. 


Mr. Tewfik Abdel Gaad tells me that fière: is 


a growing interest in the study of Town Planning in 
Egypt now and that many architects would like to 
visit England and take one of the courses in this 
subject which are now open and which will be deve- 
loping during the postwar “years. Although it is 
one of the oldest activities of civilised man to build 
cities it is oniy comparatively recentiy that we have 
studied the subject scientifically and tried to control 
and correct the over growth of cities which have 
grown to the proportions of London. 


Some of you may have already studied the Report 

on the Plan which was published last year - in my 

. opinion one of the best written and well illustrated 
pieces of work that has been produced during the 
“war years. Îf you have not seen the report | hope 
you will study the small exhibition which is on view 
here-which is taken from that Report and which 
though complicated to those unfamilliar with the 
peculiar problems of London does show as briefly 


as is possible the major defects ofthe City as it is 


at present and the man proposals for remedying 
those defects. 


- Now | must not confuse you with double mea- 
nings - when 1 spoke of city then ! meant the whole 
area of London, the Metropolis whereas in the Report 
the area known as the city is a very small part 
covering only th original portion within the Roman 
and Mediaeval walls-the part immediately round 
St Pauls and the Bank of England. The clearest 
way sf thinking of the relative parts of London is 
expressed in the book by comparing the whole area 
fo a nut-the City proper being the minute kernal- 
the huge portion coming within the‘administration of 
the London County Council the shell-and the 
unbroken slab cf urban development spreading out 
in to what are called the Home Counties as far as : 
the North downs on the south of the Thames Valley : 
and to the foot of the Chilterns on the north repre- 
senting the husk of the nut. 


At first sight it would seem impossible to attempt 
to even survey such a confused tangle of roads and 
buildings to quote: a maze of streets, a scattered 
immensity of buildings which has lost almost ail 
reason and form. But with a courage and tenacity 
which has hardly as yet had the full praise which it 
deserves. Sir Patrick and his associates have tackled 
the job of first analysing the reasons for the existance 
of London at all as a Port, a Warehouse, an Indus- 
trial and Administrative centre and then the reasons 
for its present unweildy growth and from the 
knowledge thus gained have been able to present 
really concrete proposalis for the future. 


It is now realised that one cannot plan before 
one has surveyed and modern survey does not mean : 
just taking the measurements of streets and the heights 
of buildings. It means trying to get as complete a 
picture as possible ‘of the life of the area toÿbe 


_planned - sociological as well as physical. The vital 


factor which has come out of îhe patient analysis 


A à 


intensity installation, say belween 15 and 50 foot 
candies, would be about iwo-thirds of that obtained 
from the same 15 to 50 foot candles of direct sun- 
light, but the average intensity of direct sunlight is 
indefinately higher than this figure, so that the 
proportion of ultra-violet energy is likewise much 
higher. Intensilies in the order of 1 to 3,000 foot- 
candiés are not unusual in direct sunlight.. Light 
from a clear blue sky without sunlight has a higher 
proportion of ultra - violet erythema - producing radia- 
tion per foot-candle than has direct sunlight of the 
same intensity. 


Neither the radiation from direct sunlight or from 
Fluorescent Tubes within the erythema-producing 
bands is generally reflected by normal objects, so 
that concentration of this energy is very unlikely to 
occur. 


drifra- Red Energy 


There is little or no évidence that this type of 
energy is. directly responsible for any biological 
effect on the human body, and certainly there is no 
proof that harmful dosages are obtained under any 
type of artificial lighting. Added to this is the fact 
that direct mid-summer sunlight is accompanied by 
about the same amount of infra-red energy, and 
the ordinary tungsten filament incandescent lamp is 
accompanied by about 5 to 7 times as much infra-red 
energy as is the case with a 40w,. white Fiuorescent 
Tube, so that it becomes over-whelmingly obvious 
that less harm can be expected in this field from 
Fluorescent lighting than would be the case with 
other forms of artificial lighting or direct sunlight. 


Visible Radiations Band. 


In this category there might be some basis for 
discussion. During many years of research with 
visible and invisible radiant energy scientists have 
been led into fields of physiology, biology, psycho- 
logy, and opthalmology. This extended experience 
leads to the general conclusion that there is no 
proof to date of the spectral distribution of any one 
illuminant being more harmful to the eyes or visual 
sense than that of any other illuminant suitable for 
extensive use. In other words, if Fluorescent lighring 
‘itself is bad for the eyes, so are incandescent lighting 


A 


either electric or gas: candlelight, and even natural 
skylight. 

The only bases for the rumour about Fluorescent 
lighting being harmful for the eyes thus become loose 
theorizing or speculation without any foundation in 
sound theory or measurement. 


Both theorizing or speculation have their place 
in scientific and physical research, and it is by cons- 
tant attention to these matters that progress takes 
place, but only the most prejudiced would allow 
pure speculation to interfere with rational progress. 


The attached tables should be studied with care, 
the second part of Table 1 being most significant. 
The figures for natural light should, of course, be 
read as those taken in a latitude 40°N, it being 
assumed that the direct sunlight figures will increase 
to some degree near the equator, and decrease to 
some degree more distantly from the equator. The 
reverse tends to be true for the figures for clear blue 
skylight, where the increase per foot-candie will 
occur further away from the equator, and the dec- 
rease occur nearer the equator. 


Please note in Table 2 above the delinitions of 
type of light, or light source, and below the heading 
in the left-hand column, should. occur the words 
“infra - Red Energy Longer then 7000" 


(Continued ‘on page 6) 
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Notes on the eïiect oï Fluorescent Lighting upon the eyes 


BY 


Crompton Parkinson Lta. 


Electra House, Victoria Embankmeni 


There is always a certain amount of suspicion 
expressed towaïds advances in scientific and practical 
fields of development, and this applies, to some 
extent, to Fluorescent lighting. Occasionally, one 
hears a vague rumour that Fluorescent lighting is 
bad for the eyes. One has heard of cases where 
interested parties have used this rumour to off-set 
the obvious advantages of more light, better diffusion, 
better colour and smaller current consumption of the 
Fluorescent Tube. 


lt is no use ignoring such remarks without full 
investigation to find out whether there is any truth 
in the statement, and it is of interest to prospective 
users that the matter has been investigated very 
thoroughly in various parts of the world. Notable 
ophthalmic speeialists and lighting scientists have 
been concerned in elaborate tests io find whether 
part or whole of the radiation of the Fluorescent 
Tube had any deleterious effect upon the human eye. 

It is known that, in addition to the visible spect- 
rum, radiation occurs in the ultra-violet and infra-red 
range. Let us give some consideration to the effects 
of radiation in these three energy hands. 


Ultra- Vielel Energy. 


The two ill-effects from ultra- violet radiations 
are erythema (inflammation or reddening) of the 
skin and conjunctivitis(inflammation of ihe conjunctiva 
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or outer membrane of the eye). Effectively to produce 
either type of inflammation, ultera- violet energy 
must occur within certain short wave length bands. 


Longer wave length ultra-violet energy can 
produce these effects,but only in a negligibie degree, 
except in dosages never encountered with Fluorescent 
lamps iridoors and seldom encountered under natural 
lighting conditions out of daors. 


It is generally appreciated that a few seconds in 
brilliant sunlight doës not produce sun -burn, and a 
few hours in poor sunlight does not produce sunburn, 
or, in other words, the inflammatory effects of ultra- 
violet energy are a matter of time multiplied by 
intensity. The intensity of the erythemally effective 
ultra - violet energy was measured at mid-day on a 
clear mid-summer day, and the ultra violet output 
of a standard Fluorescent lamp was also measured. 
Results are shown in Table 1. Some interesting 
figures result. in ultra - violet energy Per foot candle, 
direct sunlight contained about half the quantity that 
was provided by the Fluorescent Tube, but within 
the erythema-producing range direct sunlight has 
just over 1% times the power to produce inflammat- 
ion per foof candle of visible spectrum as one Fluo- 
rescent jamp.- 


Under these conditions it must be realised that 
the inflammation producing powers of a normal 
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THE DELTA TRADING COMPANY 


qe S. A,E. CAPITAL L.E, 760.000 
D ce Formerly S. G. Ralbath 


CAIÏRO: 18, EMAD-EL-DINE STREET, R.C. 11823, TEL. 59286 (8 LINES) 
ALEXANDRIA: 43, SALAH-EL-DINE STREET, RC. 1234, TEL.’ 25984 (4 LINES) 
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TWO TOOLS 
IN ONE — A 
HAMMER 
AND À SLOW ROTATING DRILL 


ANCHOR] 


THE SWISS AGENCIES CO. 
REPRESENTATIVES OF COLOR METAL 


Zuerich. 
% Midan Khedive.Ismaili, 
CAIRO 


C.R. 56360 Tel. 44395 


COMMERCIAL DEPARTMENT 
Deals in the following Items : 


Workshops : Precision Lathes, Measuring Instru- 


ments, Metal spraying of surfaces, Crucibles for 
melting of Metals etc. 


Power Stations : : Apparatus and tn for 
Temperature and Discharge Measurements, Fuel 


Burners etc. 


House . hold Equipment : Cookers, Heaters, 
Boilers Air conditioning etc. 


Chemical . Industries : Furnaces,  Distillation 
Apparatus, Drying Ovens etc. 


Metallurgical Industries :  Melting Furnaces, 


Metal Presses. etc. 
Garages : Air Compression Units etc. 


Laboratories : Drying Ovens, Testing machines, 
Electrical Apparatus, Liquid Transfer Tubes etc. 


Shoe Making : Machines for shoe repair. 


Photography : Drying Equipment for Photographic 
Prints, lighting Equipment etc. 


Agriculture and Dairy Industry 
Tractors, Dairy Apparatus and equipment etc. 


Diesel Motors : 


and-various other apparatus used in the different 
Industries. 


Ploughs, 


Tractors & Agrieultural Machines 


ENGINEERING DEPARTMENT 


- Dredging. of canals and: Drains by means ‘of 
special pumping Equipment. 


Underdrainage and the manufacture of the pipes 


used in them. 


Building by the use of movable scaffoldinge. 


Consiructions under water 


Modern Products used in buildinga. 
Air Conditioning. Je 
Central Heating. 


Ice Making Installations, ne the preserving of 


Agricultural Products. 


Drying of Fruit and other products. 


Pr DARISOR ele Installations” etc. 


Diesel Diese! Engines 7 | 


fi THE UNITED STATES & MIDDLE EAST CORPORATION 
| HARTFORD, CONNECTICUT, 


Due U. S. A. 
ARABIA LEBANON 
EGYPT PALESTINE 
ERITREA SUDAN 
ETHIOPIA SYRIA 
IRAQ TRANS JORDAN 
TURKEY 


IRAN 


ANUFACTURERS REPRESENTATIVES AND DISTRIBUTORS 


PLUMBINQ & HEATING :— 


Cast Iron Pipe and Fittings, Sleel Pipes, Malleable Iron Fittings, Wrought lron Pipe, Hot Water 
|  Specialties, Steam Heating Specialties, Vacuum Heating Equipment, Gas Fired Room Heaters, Oil Burners, 
‘|| Boïlers (High & Low Pressure, Steel & Cast Iron), Radiators, Valves, Pumps, Tanks, Coils, Feeders, Sewer 
Ejectors, Compressors, Plumbers Repair Parts, Closet Seats, Bathroom Accessories, Plumbing Fixtures, 
PlumbersäBrass Goods, etc. 


REFRIGERATION AND AR CONDITIONINO :— 


Compressors (Freon, Ammonia, Methyl Chloride), Condensing Units, Evaporative Condensors, Cooling 
Units, Room. Conditioners, Air Blowers, Assembly Parts for Household and Commercial Refrigeration, 
Automatic Controls, etc. 


INDUSTRIAL AND PROCESSING EQUIPMENT :— 


Corrosion Resisting Process Equipment, Ice Making Plants, Cotton Seed Oij Plants, Soap Factories, 
Power Plants, Generating Sets, Tanks, Presses, Grain Handling Equipment, Automatic Sprinkler Systems, 
Laundry and Dry Cleaning Specialies, etc. 


HoOUsEHoLD UTILITIES : — 


Commercial Dishwashers, Water Coolers, Drinking Fountains, Metal Windows, Blinds, Screens, Vacuum 
Cleaners, Metal Cabinets, Mirrored Cabinets, Kitchen Range Units: Gas and Electrical, Stainless Steel and 
Monel Metal Sinks, Porcelain Enameled Cabinet Sinks, Radios, etc. 


TooLs :— 


- Mechaniés Hand, Sheet Metal, Wood Working, Plumbers, Welding, Steel Cutting, Bending Tools etc. 


MIDDLE EAST OFFICE 
1056 Immobilia Bidg. 
!Tel: 52397 - CCR: 52061, 
Cable : USMECORP — Cairo, 

_ CAIRO, EGYPT 
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ASSOCIATED BRITISH MANUFACTURERS 
(EGYPT) LIMITED 


Building “B” -Sharia Emad el Din 
CAIRO. — C.R. 45. 


Birmingham Small Arms Co. Ltd.—Small Arms, Caros 
& Lorries for Military Purposes etc. 

British Insulafed Caliender's Cables Ltd,—Manufacturers 
of all types of Electric Cables, Contractors for Grid 
Mains H.T. & L.T. ; 

Dorman, Long & Co. Ltd.-Guiders, Bridge Work, 
Structural Buildings etc. 

The English Electric Co. Lid.—Steam Turbines, Water 
Turbines, Oil Engines, Switchgear, Transformers, Electric 
Plant & Equipment for Mills Factories & Workshops. 
Electric Traction for Rail and Road Transport etc. 


Thos Firth & John Brown Ltd.—Corrosion—Resisting 
| Steels, Files, Saws and all Migh Speed Steel Tools, 
| Castings & Forgings. . 7 
| Firth-Vickers Stainless Steels Ltd.—"“Staybrite!’ Stainless 
Steël. 

| Glenfield & Kennedy Lid.—water Meters, Sluice Gates 
& Irrigation Machinery. 

R. & W. Hawthorn Leslie & Co. Ltd.—Ships, Marine 
Engines & Boilers, etc. 

Hughes & Lancaster 
Specialists. 

Hurst, Nelson & Col Lid.—Railway Rolling Stock. 

The Paterson Engineering Co. Lid—Large Filter 
Installations & Waterworks, Bath Water Purification 
Plants, Chlorinators & Water Softeners, 

Robert Stephenson & Hawfthorns Lid.—Raïilwav Locomo 
tives, Lovcomotive Cranes etc. : : 


Lid.—Sewage & Drainage 
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5) “Equipment Developed for Mass Production of 
Precast Concrete Houses.”’ 
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6) “A Section On Current Waterworks De- 
velopment”. 
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re 


a) Unit Construction of a Filter plant. 
b) Tapping a Wet Well Under Pressure. 
c) Design of First Flexible Pipe Joint Resulted 
from Study of Lobster’s Tail. 
d) Unique Propeller Pump Installation Increases 
Flow In Gravity Water Tunnel. 
e) Cement Joints Minimize Leakage in Cast-ron 
Water Lines. 
f) Corrosive Action of Soils on Underground 
Pipelines. 
g) Multi-purpose Seal Coat Protects Waterworks 
Structures. 
h) Los Angeles Makes Its Own Zeolite. 
i) Fluted Central Column new Fealure in Tank 
Design .1 
May 16, 1946. 
1) “Piles & pile Foundations” by Robert.D.Chellis 
structural Engineer Boston, Mass. “Part 1— Avoiding 
Detrimental Settlement" 
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Engineering News-Record. (330 West forty second 


street New York N. y.) 

May 2, 1946. 

1} “Welded Girder Bridge is 1500 feet long” by. 
D. B. Armstrong, Designing Engineer, Domincon 
Bridge Co. Lt. Montreaf, Canada. : 
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2) “Converting Barracks into Livable Homes” by 
Clyde C. Roth. project Manager. 
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3) “Aïrfield Paving by U. S. Army Engineers’? 


by Burtôn J. Bell of the Army Engineers. 
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4) “Truck size and weight Limits Approved by 
Highway Officials”. 
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Civil Engineering (American society of civil 


. Engineers, 33 W. 39% street, New york 18). 


May 1946. 
1) “Chicago’s south District Filtration plant placed 


in partial Operation” 
by W.W. De berard and J.R.Baylis of the Chicago 


Dept. of public works. 
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2) “The Engineer in Public Life” by Carl 


Hinshaw Assoc. M. ASCE and member of Congress; 
House of Representetive Washington D. C. 
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3) “What can be Done about Traffic Congestion ? 
“Off-Street Parking Facilities”. 


by F. W. Lovejoy. Exeutive  secretary, Joint 
commitee on parking, Washington D. C. 
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4). ‘An Expanding Reclamation program” by 
Kenneth Markevell, M. ASCE, assist. Commessioner, 
bureau of Reclamation. 


| Er. 


NT — 


She Jl De ls deles ou all cut dl Tue ans 
, LA Yi LL 


2) “Columbia Basin Project starts This year” by 


‘Frank À. Bankes Supervising Engineer: -Bur eau of 


Reclamation. 
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31 “Design of Wilbar Cross Parkway Bridges” 


by Engineer of bridge Design, state FER Dept. 
Hartford Conn. 
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4) “Soviet Union Develops New Building Tech- 
fiques” 
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3) ‘Model Study of Brown Canton Debies Barrier”’ 


By karl j. Bermel Assoc. M ASCE and Robert 
L. Sanks Jum ASCE. 
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” 4) “Effeclive Radius of Drawdown Test To 


Determine Artesian Well” by C.E. Jacob, Assoc. 
M. ASCE. 
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Multiple-Step Drawdewn Test et 4 jh os 

June 1946. ; 

1) “Observations on The Behavior 6f Aluminum 
Alloy Test Girders” | 

by. R. L. Moore, Assoc. M. ASCE Research 
structural Engineer Aluminum laboratories. 
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5) “Construction Procedures at Fontana” 
Part li of Symposium on Fontana Spillway by 


Oren Reed, M. ASCE Construction Engineer TYA, 
Fontana Dam N. C. 
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Proceedings American Society of Civil Engineers 
(33 West 39% street New york 18, N. V.) 


May 1946. 


1) “Thrust Exerted by“Expanding Ice sheet” by 
Edwin Rose. Engineer Bureau of Reclamation. 
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2) “Moment-Stiffness Relations Ib Continuous 


Frames with Prismatic Members” by George H. Deil 
Assoc. M. ASCE. 
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2) ‘Design of Plywood l-Beams” 


| by Howard J. Hansen, Assoc. M. ASCE Assoc- 
Prof. of Civil Engineering Texas À & M. 
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3) “‘Rigid-frame siructures sujbect to Nonuniform 

Thermal action” 


by Carl C.H. Tommerup, Assoc. M. ASCE, 
structural Engineer Seattle, Waskiington. 
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4) “Relief Weils for Dams and Levees” by T. A. 
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Desulphurisation in the Open-Hearth Iron & Steel 
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Journal 1. S. 1. N, i 1936. 
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Small percentages of cobalt, cadmium or beryl- 
lium are sometimes added to enhance one property 
or another to meet particular requirements. À beryl!- 
lium-copper alloy, containing up to about 2.5 per 
cent beryllium is used for castings which, aîter heat- 


treatment, combine a remarkably high degree of 


hardness and strength with an electrical conductivity 
Jower than that of some ailoys yet still relatively high. 
Cobalt and beryilium may also be added to reduce 
the volatility of copper alloys, causing them to burn 
less readily than untreated copper when exposed to 
the arcing produced by powerful electric curreñts. 
With this modification copper alloys of the range 
already discussed are useful for switchgear construct- 
ion, although other alloys have now been specially 
developed for this purpose. 


. It has also been found that copper-alloy castings 
can be machined far more easily than ordinary cop- 
per and that a smoother surface finish can be 
obtained. Owing also to their ductility in the annealled 
state and their superior tensile strength, itis possibie to 
use copper alloys for extensive deep drawing proces- 
ses.. Furthermore, the ordinary methods of joining 
metals by either brazing or bronze- “Asus may be 
successfully employed. 


High Conductivity Castings. 


One alloy of this class with high electrical con- 
ductivity is a ternary alloy of the chromium-nickel- 
copper type. Its electrical properties are comparable 
with those -of typical copper, brass or bronze castings 


yet its mechanical properties are far superior, as 


shewn in the table :- 


cr 


Com- Chromium- 
mercial | Brass | Nickel- 


Copper Copper 

Maximum stress, tons / sq. in. 12 16 22 
Yield or proof stress 

(0.1 %, exténsion, tons/sq. in.) “12 4 15 
Limitof proportionality Ducs e in, 1 2 12 
Élongation # | 30 40 25 
Brinell hardness x -40 45 110 
Izod impact strength, ft.-1b. 40 40 65 
Conductivity, " pure copper 90 25 85 


Tests shew that these properties of the ternary 


alloy are also retained at elevated temperatures. 
Ordinary soldering and working operations may 


‘ be carried out without imparing their properties. 


Mechanicallÿ Strong Conductors. 


À treated nickel silicon copper alloy is used when 
great mechanical strength or resistance to wear ‘is 
required together with ane conomical current carrying 
capacity. Castings of this alloy have a tensile strength 
of 32 tons per square inch, Brinell hardness of 180,and 
a conductivity which is more than 40 per cent that 
of pure copper.Such properties are particularly useful 
for high temperature purposes in furnaces. Other 
applications of this alloy include such parts as contact 
blocks and switchgear components. Even high- 
strength aluminium bronzes have inferior mechanical 
properties to this alloy. Furthermore, this alloy does 
not develop such high-resistance oxide films on the’ 
surface as the aluminium bronzes do. Ît may be used 
without fear of the contact resistances increasing, or 
of encountering soldering or brazing difficulties. 


Current Carrying Castings. 


‘The valuable properties”"of precipitation‘hardened 
alloys have been applied to many different types of 
electrical equipment. These include filtings for arc 
and induction furnaces, resistance welding machines, 
overhead gears, terminal blocks and: clamps-to give 
only a few examples-but it is in circuitbreaker con- 


‘ struction that they are proving particularly useful. 


Here the demand for the optimum mechanical strength, 
and the fact that they are assembled in steel enclos- 
ures with a minimum of wasted space, have brought 
out their excellent properties and developed their 
range of application. 


Although the alloys are a trifle more costly than 
ordinary commercial copper, their improved pro- 
perties enable the maximum economy to be made in 
the size of section. It is thus possible for the initial 
cost to be only slightly greater when using these 
alloys. The savings in electrical losses during operat- 
ion are nevertheless very considerable so that the 
operating costs will be decidedly reduced by using 
such materials. From the view point of safety, com- 
ponents, made ot special alloys are particularly 
suitable if high, short-circuit currents are to becarried, 
even momentarily, without'distortion. 


Si 


of ammonium cyanide as well as ammonium thio-. 


cyanate, both of which have been assumed to cause 
corrosion. 

The supposition that cyanides play an important 
part in corrosion has apparently been supported by 
the fact that deposits of Prussian Blue (or possible 
complex ferrocyanides) are frequently found in benzole 
absorption plants. ft was shown, however, that 
ammonium cyanide is much less corrosive than am 
monium thiocyanate, and further that the latter reacts 
readily with iron to yield Prussian Blue and iron 
sulphide. The presence of Prussian Blue deposits in 
benzole absorption plants, and of iron sulphide 
in wash oil sludges, thus confirm the importance of 


ôŸ 
the role played by ammonium thiocyanate in corrosion. 
Moreover; the fact that corrosion more frequently occurs 
in plants employing the indirect system of. ammonia 
recovery, lends support to the ns as to. ne 
probable source of the corrosion agent. : ï 

It would therefore appear thatthe corrosion of 
mild steel ceannot be avoided where both ammonia and 
carbon disulphide are presnent in the wash oil, and 
the remedy is thus to eliminate either or both of these 
substances. Since fhe removal of benzole from coal 
gas by oil scribbing is necessarily accompanied by 
the removal of carbon disulphide, it is evident that 
the avoidance of corrasion calls for high efficiency 
in the recovery of ammonia. 


CURRENT CARRYING CASTINGS FOR ELECTRICAL MACHINARY: 


BY 


R. 4. Collacott, Ph. D. , B. S. c. (Eng). À, M. I. Mar. E. 


Castings used in the construction of electrical] 
equipment are often required to carry heavy currents, 
and musttherefore possess a high degree of electrical 
conductivity. Mecanical strength is also essential, how- 
ever, and the object of the designer is to find a metal 
which combines these desirable qualities. Although soft, 
low-strength copper, high-conductivity brass, and 
even phosphor-bronzé have been employed, the trend 
in recent years has been: towards the development of 
alloys which provide ample strength without loss of 
conductivity. The result is that alloy castings are 
now available which combine a conductivity ap- 
proximating to that of the best copper castings, with 
a strength and hardness which may be made as great 
as those of steel: 


Combining Strength And Conductivity. 


These new alloys are obtained by adding small 
amounts of either chromium, nickel, silicon, cobalt or 
beryllim to copper and then applying a special heat- 
treatment known as precipitation-hardening. This 
produces finely dispersed sub-microscopic particles 
of certain inter-metallic compounds in the alloys which 
increase the tensile stregth, hardness, wear resistance, 


and other mechanical properties of the copper while 
only slightly reducing the electrical conductivity. 


Precipitation-hardened copper alloys can be made 
with various properties by carefully selecting the 
hardening elements. Some alloys have tensile stren- 
gths ranging from 22 to 45 tons per square inch; 
and electrical conductivities varying from 80 per cent 
down to 60 per cent ot that of standard copper as 
shewn in Table 1, for the chromium-nicke]-copper 
group. These alloys have quite favourable elasticity 
moduli; and their other mechanical properties, part- 
icularly fatigue resistance, are comparable with those 
for commercial copper. 


Other Properties. 


Most of these alloys are corrosion-resistant owing 
tostrong, natural-oxide films on their surface, the forme 
ation of the films being influenced by the presence . 
of either nickel or chromium in combination with. 
the copper. The corrosion- resistance is greater with 
extruded sections than with cast materials AE a 
chilled skin at the surface. 
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CORROSION IN BENZOLE ABSORPTION PLANTS.' 


BY 


C, M. Cawley, Ph. D, M Sc, ARC.S,D 1C, FRIC 


‘Troubles due to corrosion are fairly prevalent in 
” benzole absorption plants, and may arise in connect- 
ion with the recovery “stripping’’ of the benzole 
from the benzolised wash oil, and with the distillation 
and accessory plant dealing with the recovered ben- 
zole. The cause of corrosion in the stripping plant 
bas been the subject of a recent investigation by the 
Department of Scientific and Industrial Research. 
The work was carried out in the laboratories of the 
Fuel Research Station at Greenwich, where samples 
of wash oils from many plants were examined, and 
the results have thrown some light on the nature 
and origin of some of the substances responsible for 
corrosion. 


When the investigation was undertaken, il was 
not possible to relate the degree of corrosion, which 
varies considerably in different plants, to the con- 
ditions of operation, but certain facts of the problem 
were well established.  Thus: it was known that 
corrosion is most severe in those parts of the heat 
interchanges, preheaters and oil coolers which are 
at the highest temperature. These parts of the plant 
are usually made of mild steel, and the trouble may 
be avoided by the use of resistant alloy steels, and 
sometimes by the use of cast iron. 


lt was also known that substances vausing cor- 
rosion, whether derived originally from the gas or from 
the wash oil, are carried by 1he wash oil. Moreover, 
corrosion occurs to a greater extent in plantsin which 
creosote is used as the wash oil than in plants in 
which gas oil is used. | 

Finally the available evidence indicated that cor- 
rosion occurs more frequeñtly in plants employing 
the indirect system of ammonia recovery than in 
others. 


The investigation referred to has now shown that 
the corrosion is due to the presence in the wash oil 
of water-soluble salts, mainly ammonium thiocyanate 
and ammonium chloride. The latter is a more power- 


ful corrosion agent, but the former is present in much 
greater concentration and is considered to be the 
main cause of corrosion encountered in benzole 
absorption plants. | 

Ammonium chloride may, however, sometimes 
be present in considerable concentration in fresh 
creosote oils, and may perhaps be largely responsible 
for the corrosion activity of certain of these ails. 

Ammonium thiocyanate and ammonium chloride L 
are insoluble in gas oil, but slighty soluble in 
cresote. The presence of water increases the solu- 
bility of these substances in creosote, and also enables 
suspensions of their solutions to be formed in this oit, 
especially when asphaltic material is. present in ‘ 
solution. Similar suspensions in gas oil are stable 
only when aspliait is present in Solution, and this is 
not often found in gas oil, although common in 
creosote wash oil. The more frequent occurrence of 
corrosion in plants using creosote is therefore 
explali:d. 

The effect of temperature over the range 20° to 
150°C. on the corrosion activity of used wash oil 
(creoste) was examined in the lahoratory and the 
corrosion was found to diminish gradually with 
reduction in temperature, although it was still ap- 
preciable at 20°C. The activity. of a solution of 
ammonium thiocyanate in creosote followed a similar 
course. 

The aramonium thiocyanate present in wash oils 
may arise in several ways, but it was shown to be 
probable that some, and perhaps most, of it is formed 
by reaction between ammonia and carbon disuiphide 
in solution in the wash oil. The only other product 
of this reaction was found to be ammonium sulphide. 

The possibility that ammonia and carbon disulphide 
may react to give substances causing corrosion 
has beëén suggested before, but the reaction has 
usually been supposed to give rise to the formation 


© 1. Issued by the Science Department of the British 


Council. 


_6— 


aerial masts (Figure 6 on the cover). The reduction of 
noise has encouraged the use of gears machined from 
laminated fabric sheet, despitethe comparatively low 
permissible stresses,(see Figure7.figure 8,on the cover) 
illustrates a laminated plastic bearing.The advantages, 
clamed for.such bearings are the ability to function 
satisfactorily with water as sole lubricant, the high 
resistance to wear and the greater reliability.Low heat 
conductivity and dimensional instability in. presence 
of water tend to restrict applications in this field. 


Although progress has been madelin moulding 


Fig: 5 


33,00 volts codenser {ype plug'and' socket insulator, 
Courtesy Messrs The Micanite and Insulators co. Ldt. 


laminated plastics to finished shape, the high pres- 
sures required. with conventional materials have 
constutited. a serious difficuy. Recent research has 
completely overcome this. handicap. lt has been shown 
that by proper choice of reinforcement and conditions 
cf drying, high strength laminates can be made at 
pressures no greater than 15 kgm. sq. cm. Laminated 
paper sheets have been manufactured, 5 m. x 2 m. 
in area, for use as flooring in a cargo-aircraît. The 
development of high strength glass fabrics and new 
resins have made possible further advances. The new 
resins are cross-linked; i. e. they have a high softening 
range. They are, however, formed by true polymeri- 


components, e. g. ammunition rollers, pulleys and 


cf - 


sation, i. e, no wafer of condensation is liberated 
during hardening. ]t is therefore possible to harden 
these resins under no more than atmospheric pressure 
The merits of the glass fabrice are that it possesses 
high specific strength and it is non hygroscopic. A 
complete wing and part of the fuselage of an aircraft 
have been moulded from this combination. of resin 
and reinforcement under atmospheric pressure. 


Another and quite different approach has facilitated 
the moulding of laminated plastics. Resin may be 
added to paper pulp and the impregnated pulp 
is formed on a screen of the approximate shape of 
the finished article. ° The shaped impregnated pulp 
is dried and pressed to exact shape in à rigid mould. 
This process makes possible greater curvatures and 
lower bonding pressures. At present, the mechanical 


properties of the products are inferior to the best 
paper laminates and there is a graveeconomic disad- 
vantage arising from loss of resin in the pulp-water 
which runs to waste. 


In contrast to the above processes which facilitate 
moulding, two recent developments extend scope. af 
laminated plastics-manufactured as flat sheets. The 
thickness af laminated sheet is limited only by the 
time required for external heat to penetrate completely 
and harden a pack of material of low thermal con- 
ductivity. The production of very thick laminates has 
been facilitated by the introduction of dieléctrie heat- 
ing. When a high frequencÿ alternatig potential is 
applied across a dielectric, such as impregnated paper, 
heat is liberated within the dielectric. By this means 
the time required for hardening is made virtually 
independent of thickness.” 


Phenolie resins are usually referred to as thèér 
mosetting, i. e., after cure, fhey:are: said to. be 
incapable of softening again. it has been demonstrated 
that commercial phenolic laminated sheet, cured for 
the ordinary period, can be soïtened. This fact has. 
been utilised in the process known as “post-forming””. : 
The process consists of heating laminated sheet to . 
about 200°C. for a few minutes and then shaping 
the flat sheet, softened by heat 5n a cold-mould: under 


light pressure. 


00 


Fig. 3 
Laminated plastic compouents of a radio recéiver. 
Courtesy Messrs. Bakelite Limited, 


thickness of the sheet; at 160°C., sheet 1 cm.thick 
would réquire about one hour. The laminated sheet 
is usually cooled under pressure before removal from 
the press. | 
Considerable variation in the properties of lamina- 
ted plastics can be effected. by suitable choice of 
reinforcement and resin and aiso by modifications in the 
details of manufacture. The properties given in Table 1, 
serve only to indicate the order that can be realised. 


Table 1. 
Typical Physical properties 
of Laminated Ptastics 


Density 1.4—1 8 gm. per cc. : 
Tensile strength  1000—200) Kgm per sq cm. 
Shear strength (parallel to the plane of laminations) 
Young's Modulus 200-400 Kgm. per <q. cm: 

. 100,000—200,000 Kgm. per sq cm 


Dielectric Constant 5—-7 
Power factor (at 106 cycles: per sec.) 
0.03-0.05. 


it may be repeated that iaminated plastics.combine 
good dielectric. properties and adequate mechanical 
strength with good resistance to weathering and 
corrosion.In addition, the low density and low thermal 
conductivity of laminated plastics are often advantages; 
finally may be mentioned the characteristic property of 
plastics, i.e.their ability"to be mouldéd to finished shape. 


Certain limitations must be referred to. The safe working 
temperature of laminated plastics is determined by 
the component materials. Phenolic paper or fabric 
laminates are satisfactory for continuous use at 
100-150°C. Melamine-formaldehyde resin reinforced 
with glass fabric can be safely used at 150-200°C. 
The recent development of resins based on com- 
pounds of silicon has raised the service temperature 
even higher. Another limitation is imposed by the 
tendency of cellulose reinforced plastics to absorb 
water in atmospheres of high relative humidity. In- 
crease in moisture content has a harmful effect on 
the electrical and mechanical properties and is also 
responsible for dimensional changes. 


Although many industries now find applications 
for laminated plastics, the greater part cf the present 
production is still used for electrical and radio com- 
ponents. Large items,Ëe.g. switchboard panels, are 
usually machined ffrom}thick cheet, while smaller 
components may be punched from thin sheet, see 
Figure 3. Impregnated paper may be wound on to a 
heated mandrel under pressure to yield tubes and 
cylinders, which areextensively used in high voltage 
insulation, see Figures. 4 and 5. : 

The low density and easy fabrication of laminated 
plastics have been utilised by the aircraft industry 
during the war in the production of numerous small 


“Fig. 4 
Tubes and cylinders of laminated plastics used in high 
voltage insulation. Courtesy Messrs. The Micanite and 
Insulators Co. Ltd. : 
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THE PRODUCTION AND APPLICATIONS: 
OF LAMINATED PLASTICS' 


BY 


K. W. Pepper, Ph. D, A.R.I.C. 


In 19090 Dr. Baekeland produced. a synthetic resin 
from phenol and formaldehyde. The first commercial 
- application of this resin was as a varnish for treating 
paper to be used in electrical insulation.  To-day, 
laminated plastics constitute the most important type of 
materials known generally as “Reinforced Plastics”. 
Synthetic resins possess two valuable properties, 
they are good electrical insulators and chemically 
‘they are relatively inert. But for many applications 
they are deficient in mechanical strength. This de- 
ficiency has been overcome to a great extent by the 
incorporation of strong fibres as reinforcement. Paper 
or fabric is the most convenient form of fibrous rein- 
forcement. The products obtained by consolidating 


layers af paper of fabric impregnated with synthetic 


resins are known as laminated plastics. The resins 
used to-day include urea-formaldehyde and melamine 
formaldehyde;‘in addition to those based on phenol 
and cresylic acids. While Kraft or rag papers and 


Fig, 1 
Imperegnating and drying plaut. bis Messrs. Bake-” 
lite Limited. 
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Fig. 2 


cotton fabrics are the most widely used reinforcements, 
Multidaylight hydraulic press. bee Messrs. Bakelite 
Limited. 


lisen and glass fabrics, asbestos paper and many 
other forms of fibres have found application. 
Whatever the resin or reinforcement, the process 
of manufacture is essentially the same and a descript- 
ion of the preparation of laminated paper sheet will 
suffice.. Paper from a rollis passed through a solution 
of resin. After removal of excess resin ‘solution, the 
impregnated paper enters à drying tunnel, where 
solvent is evaporated and the resin and paper are 
dried to a predetermined extent, see Figure 1.The dried 
impregnated paper is cut up into sheets and arranged 
in a pile, like a pack of cards. The pilé is then heated 


under pressure in a multi-daylight hydraulicpress as 


shown in Figure 2. The resin fuses, bonding the 


layers of paper together and displacing the air; 


meanwhile, it undergoes progressive chemical.change, 
whereby. it is converted into a virtually insoluble 
aud infusible form. The pressures used range from 
50-500 kgm, pérsq. cm. The period of heating de-. 
pends on the temperature of the platensfand on the 
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1.3 g. per c. c. respectively) it is clear that the criti- 
cal resin content must give a board of maximum 
density. 


The curve for specific tensile strength against 
resin content was of similar form to that for density. 
A maximum was observed at the resin content giving 
maximum density. Abovethisresin content, the tensile 
strengths lay on a straight line, which could be 
extrapolated to the strength of the resin and to a 
value, at zero resin content, approximately equal to 
one third the strength of the fibres used. The strength 
of papers has been examined mathematically in terms 
of the strength of the component. fibres. ASsuming 
perfect adhesion between fibres randomly distributed 
in a plane, the strength of the paper should be one 
third that of the fibres. Hence, it may be concluded 
that, in the boards containing no voids, the adhesion 
afforded by the resin is perfect or nearly so and that 
the strength of the fibres is fully utilised. Perfect 
adhesion is obtained only when the voids are filled 
with resin and since the fibres arc stronger than the 
resin, maximum strength is observed when the 
amount of resin is just sufficient to fill the voids. 
Results for Young's Modulus confirmed this theory, 
except that a slightly higher resin content was 
required to provide sufficient adhesion to develop 
maximum stiffness. 


The tendency of laminated plastics to delaminate 
is an unfortunate consequence of their mode of manu- 
facture, Hence particular attention was given to the 
shear strength of boards parallel to the laminations. 
This property was found to vary with resin content 
in a somewhat different manner from density and 
tensile strength. The shear strength increased up to 
the resin content giving maximum density and tensile 
strength and then, with increasing resin content, 
remained constant at a value which was approximately 
equal to the shear strengih of the resin. One would 
expect the shear strength of the laminätes to be 
determined by the strength of the weakest plane. In 
absence of voids: the weakest plane is one wholly in 
the resin and the shear strength is therefore indepen- 
dent of resin content. The property of brittlensss, 
as estimated by various tests, was found to increase 
with increase in resin content. As the brittleness 


call 


” absorption decreased. 


ee 


increased, it was found that in general the water 
For “structural applications, 
one of the most serious consequences of the absorpt- 
ion of water by cellulose reinforced plastics is the 
dimensional change or swelling. This dimensional 
change is greater in thickness than in the plane 
of the sheet, a minimum for the latter was 
obtained at the resin content giving the maximum 
stiffness. 


The above generalisations, sometimes referred to : 
as the voids theory, can be summarised as follow: 
In order to obtain the best combination of mechanical 
properties, the resin content of Jaminated plastics 
should be just sufficient to permit the voids in the 
reinforcement to be completely filled. 


The above results were obtained at fixed pressure. 
in order to asses the effect of this factor, a series of 
laminated boards was made from impregnated paper at 
different bonding pressures. An increase in the density 
of the boards was observed, with increase in pressure, 
up to a limiting value. At this pressure, the mechani- 
cal properties of the boards similarly attained limiting 
values. Ît was subsequently observed that the pres- 
sure required to give limiting values for density and 
mechanical properties was reduced as the resin con- 
tent was increased. These results are entirely consis- 
tent with the voids theory; the main function of the 
applied pressure is to compress the paper, thus 
enabling the resin to fill the voids. Clearly, the 
higher is the resin content, the lower is the pressure 
needed to give maximum adhesion. High strength 
laminated sheet can, therefore, be made at low bond- 
ing pressures, provided that the reinforcement is 
sufficiently dense to avoid the need for high resin 
content. Compression of the reinforcement is facilitated 


‘by high moisture content, but high values of the 


latter tend to reduce both strength and stiffness 
(see above). 


The above conclusions were deduced from experi- 
ments in the laboratory with paper base plastics. Ît 
is believed, however, that the same principles will 
apply to the manufacture of reinforced plastics 
generally, on any scale. | 
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The Properties Of Laminated Plastics' 


BY 


K. W. Pepper, Ph. D. A. R. I. C. 


Early in the War, Britain was faced with possible 
shortage of aluminium alloys, which were required 
for the construction of aircraît. The mechanical pro- 
perties of the existing Jaminated plastics were suf- 
ficiently promising to encourage further research on 
the development of improved materials. One outcome 
of this research has been a clearer ‘understanding of 
the relationships existing between the mechanical 
-properties of iaminated plastics and the properties of 
their components, (J. S. C lL., 1944, 63, 150 and 321) 

Paper bonded with phenol-formaldehyde resin 
was selected for this investigation for three reasons : 

(a) The potential supply of phenol-formaldehyde 
‘ resin was greater than that of any other suitable 
synthetic resin. 

(b) Paper, consisting of a more or less planar mat 
of cellulosic fibres, should be an efficient means of 
utilising their high strength and stiffness. 


{c) The results of study of paper as reinforcement 
were expected ta prove more amenable to analysis 
than those derived from the more complicated geome- 
tric structure of a fabric. 

It was first necessary to establish reproducible 
conditions for the preparation of laminates. Working 
at fixed resin content and bonding pressure, it was 
found that the most critical factor is the extent to 
which the impregnated paper is dried. 
mechanical properties were given when the amount-of 
volatile matter, retained by the impregnated paper 
after drying, was a minimum, provided that the 


The best. 


product was free from air spaces. Various experiments 
suggest that the harmful effects of imcomplete drying 
result from failure to remove water. It is known, for 
example, that the Voung’s Modulus of cellulosic firbres 
is reduced by an increase in moisture content. Other 
factors, e. g., time and temperature of cure, were 
found to influence the properties of laminates, but 
they were of secondary importance. 


- With these preliminaries completed, it was possible to 
examine the main variable, i.e.,the effect of different 
proportions of resin and paper. A series of laminated 
boards, containing varying amounts of resin, was 
prepared under optimum conditions at fixed pressure, 
Examination of these boards revealed that above a 
certain resin content, the densities lay on a straight line 
connecting the densities of cellulose and resin, in 
accordance wiih a mixture law. Below this critical resin 
content,the densities of the boards fell off sharply. À 
simple explanation for these results can be advanced, 
Provided there were no air voids, the densities of the 
laminates would be expected to obey a mixture law; 
the sharp falling off in density is due to insufficiency 
of resin to fillthe air voids. Since the density of 
cellulose exceeds that of resin (1.5 compared with 
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2. This research was undertaken by the Department of 
Scientific and Industrial Research at the National physical 
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issue No. 10 of the Institution of Mechanical Engineers. 
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.… Special reference tothe Battersea high-pressure boilers. 


by W. B. Shanman and others. Proc. 1. Mech. E. 
June 1946, Vol 154, No. 1. p. 52. 
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2) The Mechanism of the German Rocket Bomb 
(V2). by W.G.A. Pening. Proc. 1. Mech. E. June 1949: 
Voi. 154. No. 1, p. 03. 
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p. 144. 
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10) Tyre Pressure Control Gear. by J. 1. Thorny- 

croft and Co. Engineering Sept. 27, 1946. 
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11) À Review of Ship propulsion, by Sir Amos. 
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THE DELTA TRADING dune * | 


Tormerly s, G. Rabbath 


CAIRO: 18, EMAD-EL-DINE STREET, R.C. 11823, TEL. 59285 (8 LINES) 
ALEXANDRIA: 43, SALAH-EL-DINE STREET, R.C. 1234, TEL.‘ 25984 (4 LINES) 


Sole Agents in Egypt jor the ïollowing Firms:— 


William Asquith Ltd ; U.K. 
Blaw-Knox Limited, U K. 

Craven Bros. (Manchester) Ltd, UK. 
Crompton Parkinson Ltd., UK. 
Coventry Gauge & Too! Co., UK. 
Crossley Brothers Ltd.. U.K. 
Crossley-Premier Engines Ltd., U.K. 
Dean, Smith & Grace Ltd, U.K. 
Herbert Morris Ltd, UK. 

Holman Brothers Ltd., U.K. 

Ideal Boïlers & Radiators Ltd., U.K. 
John Thompson Engineering Co., UK. 


John Thompson Beacon Windows Ltd., U.K. 


| A.A. Jones & Shipman Ltd., UK. 
H.W. Kearns & Co. Ltd., U.K. 
B. & S. Massey Ltd.. UK. 
Nu-Way Heating Plants Ltd., UK. 
Pegson Limited U.K. 
Pulsometer Eng. Co. Ltd., UK. 
J. Sagar & Co. Ltd., UK. 
Shillan’s Eng. Co Ltd., U.K. 
Taylor, Taylor & Hobson Ltd., U.K. 
United Dairy Eng. Co. Ltd., UK. 
Aermotor Company, U.S.A. 
Allis-Chalmers Mfg. Co.;, U.S.A. 
Americal Blower Corporation, U.S.A. 
Automatic Burner Corporation, U.S.A. 
Bethlehém Steel Export Corp., U.S.A. 
Blaw-Knox Company, U.S.A. 
Brunner Manufacturing Co., U.S.A. 
The Faïnir Bearing Co., U.S A. 
The Miller Rubber Co., U.S.A. 
Northwest Engineering Co., U.S.A. 
Standard Steel Works, U.S.A. 
Uffiversal power Corporation, U:S:A. 
Cockstiutt Plow Co. Ltd., Canada 
C.L. Conord, France. 
Davum Exporation, France. 
Soc. Anon. Eternit. Italy 
Officine Meccaniche Stigler, Italy. 


Mülling and Drilling Machines. 
Construction Equipment. 


- Heavy Duty Machine Tools. 


Electrical Equipment. 
Precision Tool Room Lathes 
Diesel and Gas Engines. 
Horizontal Diesel Engines. 
Machine Tools. 

Cranes, Hoists, Conveyors. 


Air Compressors & Pneumatie Equipment. 


Domestic Boïlers & Sanitary Ware. 
Boïlers House Equipment. Water. 
Treatment. Food & Chemical Plant. 
Metal Windows. 

Machine Tools. 

Machine Tools. 

Power Hammers. 

Oil Burners & Heating Equipment. 
Quarry, Mine & Gravel Pit Equipment. 


All types of pumps. 
Wood Working Machinery. 


Small Farm Tractors. 

Eugraving & Diesinking Machines. 

Ice plants. Dairy & Bottling Machines. 
Windmill Driven Water Pumps. 
Crawler & Wheel Tractors. 

Fans, Humidifiers, Dust Collectors. 
Automatic Oil Burners. 

Iron and Steel. 


. Conätruction Equipment. Chemical Plants. 


Condensing Units. 

Ball and Roller Bearings. 

Preumatic Tyres and Tubes. 

Crawler Cranes and Draglines. 
Equipment for Municipal Work. 

Arc & Oxyacetylene Welding Exuipnent 
Agricultural Implements. 


Kerosene Engines. Moto Pumps. 
Iron and Steel. 


Eternit. 
Lifts. 


FF 
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THE UNITED STATES 8 MIDDLE EAST CORPORATION 
HARTFORD,  CONNECTICUT, 


| U. S. A. 
ARABIA LEBANON 
| EGYPT. PALESTINE 
| ERITREA SUDAN 
ETHIOPIA SYRIA 
ÎÜ IRAQ TRANS JORDAN 
l IRAN TURKEY | 


MANUFACTURERS REPRESENTATIVES AND DISTRIBUTORS 


PLUMBING & HEATING:— 


Cast Iron Pipe and Fittings, Steel Pipes, Malleable Iron Fittings, Wrought Iron Pipe, Hot Water 
Specialties, Steam Heating Specialties, Vacuum Heating Equipment, Gas Fired Room Heaters, Oil Burners, 
Boilers (High & Low Pressure, Steel & Cast Iron), Radiators, Valves, Pumps, Tanks, Coils, Feeders, Sewer 

| Ejectors, Compressors, Plumbers Repzir Parts, Closet Seats, Bathroom Accessories, Plumbing Fixtures, 
| 


Plumbers Brass Goods, etc. 


REFRIGERATION AND AIR CONDITIONING :— 


Compressors (Freon, Ammonia, Methyl Chloride), Condensing Units, Evaporative Condensors, Cooling 
| PUnits, Room Conditioners, Air Blowers, Assembly Parts for Household and Commercial Refrigeration, 
! Automatic Controls, etc. 


INDUSTRIAL AND PROCESSING EQUIPMENT :— 


Corrosion Resisting Process Equipment, Ice Making Plants, Cotton Seed Oil Plants, Soap Factories, 
ower Plants, Generating Sets, Tanks, Presses, Grain Haadling Equipment, Automatic Sprinkler Systems, 
Laundry and Dry Cleaning Specialties, etc:. 


À : 


HouseHoLD UTILITIES : — 


© Commercial Dishwashers, Water Coolers, Drinking Fountains, Metal Windows, Blinds, Screens, Vacuum 
Cleaners, Metai Cabinets, Mirrored Cabinets, Kitchen Range Units: Gas and Electrical, Stainless Steel and 


Monel Metal Sinks, Porcelain Enameled Cabinet Sinks, Radios, etc.. 


Toozs :— 
Mechanics Hand, Sheet Metal, Wood Working, Plumbers, Welding, Steel Cutting, Bending Tools etc. 


MIDDLE EAST OFFICE 

ï 1056 Immobilia Bldg. 
Tel: 52397 - CCR: 52061, 

| Cable : USMECORP — Caire, | 

i CAIRO, EGYPT 
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Sigmund Pumps (Great Britain) Ltd. 


Messrs. Thomas & Baldwin (Steel) London. 


Britannia Batteries Ltd. London. 
George Elliot & Co. Ltd. Cardiff. 
George Banham & Co. Ltd. London: 


Sperd Toois Limited, Lendon. 
Bruce, Dawson & Co. (London) Ltd. 


RM. Hollingshead Corporation, Camden, New Jersey. ol Lu äle LE) EF 253$ 
Willys’ Export Corp. 354 et Les SU x à sl 
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International Business' Machines ‘Corp. New York. al sel LRU NT 


Johns—Manville international Corporation, New York. 


Tow Moter Corp.Oñhio. 


General Department 


Sharp & Dohme, Phiiadelphia U.S.A. 
Messrs. Jaeger Limited, London. 


#CYCLAX” of London. 
Berkshire Knitting Mills. 


Polarizers (S.A.) Limited, 
Johannesburg. South Africa. 


Central National Corporation, New York. 
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THE UNITED STATES & MIDDLE EAST CORPORATION 
{HARTFORD,  CONNECTICUT 


U. S. A.: 
ARABIA LEBANON 
see PALESTINE 
ERITREA SUDAN 
* ETHIOPIA SYRIA 
IRAQ TRANS JORDAN 
IRAN TURKEY 


MANUFACTURERS REPRESENTATIVES AND  DISTRIBUTORS 


"PLUMBING ‘& HEATING :— 


Cast Jron Pipe and Fittings, Steel Pipes, Malleable Iron Fittings, Wrought Iron Pipe, Hot ‘Water 
Specialties, Steam Heating Specialties, Vacuum Heating Equipment, Gas Fired Room Heaters, Oil Burners, 
Boïlers (High & Low Pressure, Steel & Cast Iron), Radiators, Valves, Pumps, Tanks, Coils, Feeders, Sewer 
Ejectors, Compressors, Plumbers Repair Parts, Closet Seats, Bathroom Accessories, Plumbing Fixtures, 
Plumbers Brass Goods, etc. 


REFRIGERATION AND Air CONDITIONING :— 


Compressors (Freon, Ammonia, Methyl Chloride), Condensing Units, Evaporative Condensors, Cooling 
PUnits, Room Conditioners, Air Blowers, Assembly Parts for Household and Commercial Retrigeration, 
Automatic Conirols, etc. | | 


INDUSTRIAL AND PROCESSING EQUIPMENT :— 


Corrosion Resisting Process Equipment, Ice Making Plants, Cotton Seed Oil Plants, Soap Factories, 
ower Plants, Generating Sets, Tanks, Presses, Grain Handling Equipment, Automatic Sprinkler Systems, 
Laundry and Dry Cleaning Specialties, etc. 


HQusEHoLD UTILITIES : — 


Commercial Dishwashers, Water Coolers, Drinking Fountains, Metal Windows, Blinds, Screens, Vacuum 
Cleaners, Metal Cabinets, Mirrored Cabinets, Kitchen Range Units: Gas and Electrical, Stainless Steel and 
Monel Metal Sinks, Porcelain Enameled Cabinet Sinks, Radios, ete. . 


Toozs :— 


Mechanies Hand, Sheet Metal, Wood Working, Plumbers, Welding, Steel Cutting, Bending Tools etc. - 


‘ MIDDLE EAST OFFICE 
1056 Immobilia Bldg. 
Tel: 52397 - CCR: 52061 
Cable : USMECORP — Caire, 
CAIRO, EGYPT 
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ASSOCIATED BRITISH MANUFACTURERS 
__, (EGYPT) LIMITED » 
Building “B” —Sharia Emad el Din r} 

CAIRO. — C.R.45 


! Birmingham Small Arms Co. Léd.—Smail Arms, Caros 
& Lorries for Military Purposes etc. 

British Insulatea Callender's Cables Ltd.—Manutacturers 
of all types Qf Electric Cables, Contractors for Grid 
Mains HT. & L.T. 

Dorman, Long & Co. 
Structural Buildings etc. 

The English Electrie Co. Ltd.—Steam Turbines, Water 
Turbines, Oil Engines, Switchgear, Transformers, Electric 
Plant & Equipment for Mills Factories & Workshops: 
Electric Traction for Rail and Road Transport etc. 

Thos Firth & John ‘Brown Ltd.—Corrosion—Resisting ! 
Steels, Files, Saws and all High Speed Steel Tools, 
Castings & Forgings. 

& Firth-Vickers Stuinless Steels Lid:—*Staybrite” Stainless | 
eël. 

Glenfield & Kennedy Léd. Enater Meters, Sluice Gates 
& Irrigation Machinery. a 


Lid.-— Quiders, Bridge Work, 


R. & W. Hawthorn Leslie & Co. Ltd.—Ships, Marine 
Eugines & Boiïlers, etc. . 


Hughes & Lancaster. 
Specialists. 


Hurst, Nelson & Col Lid.— Railway Rolling Stock. . 
The Paterson Engineering Co. Ltd.—Large Filter 
Installations & Waterworks, Bath Water Purification 
Plants, Chlorinators & Water Softeners. 
Robert Stephenson & Hawthorns Lid.-— ee Locomo- 
tives, Lovcomotive Cranes ete. 


LEE -Sewage & Drainage 
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Lectures by Proi. Karl Terzaghi 


Facully of Engineering Giza : 
Role of Soil Mechanics in modern soil engineering. 


First Lecture 
7/12/46 
Second Lecture : : 
9/12/46 
Third Lecture : \ 
11/12/46 

Fourth Lecture : , 
14/12/40 
Fiith Lecture 
16/12/46 


| 


Sixth Lecturé 
18/12/46 


Seventh Lecture : 
19/12/46 
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| Application of soil Mechanics to earth pressure problems including retaining walls and 
open cut excavations. 


Application of Soil Mechanics to the design of footing raft and pile foundations. 


Special Lectures. 


Engineering properties: of Windblown Soils. 


See page, methods for evaluating.the permenbility of natural soil strata by means of 
Methods of protection of dams and weirs against failure 
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Discours de S. E. M. HUSSEIN SAID BEY. 


Monsieur le Ministre, Monsieur le ‘ “Président, Mes- 


dames, Messieurs. 


Dès qu'il fut ialoccé de l'organisation de ce 
Congrès, le Gouvernement de mon Fa prit la déci- 
sion d'y participer: 


Il fut, en effet, vivement intéressé par le but pour- 
suivi et tint à contribuer dans toute la mesure possible 
à sa réalisation. ù 


J'eus l'honneur d’être désigné pour le représenter 
ici et pour présider le délégation égyptienne qui est 
venue pour manifester d’une manière tangible l'intérêt 
-qu'apportent à ce Congrès les ingénieurs et techniciens 
égyptiens. : 

Nous avons été l'objet d'un accueil vraiment 
empressé et charmant, pour lequel je dois exprimer 
mes plus vifs remerciements. 

J'ai été particulièrement fHlatté d' avoir été appelé à 
à faire partie du ‘Comité d'Honneur de ce 
Congrès, et je vois, dans ce geste plus qu'une parque 

‘d'attention à ma personne, une marque de sympathie 
envers mon Pays, et ma joi en est d'autant plus 
grande. 

L'idée de realiser un contact entre les ingénieurs 
et techniciens, du. monde entier, avec l'espoir de 
contribuer, par cette coopération internationale, à la 
stabilité de la paix et au progrès du monde, est des 
plus heureuses. 


Et, pour ma part, je n’épargnerai aucun effort en 
vue de son succès. 


Je dois dire que j'ai dans le succès de cette Organi- 
sation la foi la plus absolue, justifiée non seulement 
par le nombre considérable et la qualité de ses partici- 
pants, mais aussi par la personne de ceux qui président 
À sa déstinée. 


Le fait que Mr Antoine en est le Président, est un 


gage certain de reussite et les efforts qu’il n'a cessé 
de déployer en ce sens nous le font nécessairement 
présager. ‘ 

Je formule en tous cas mes voeux les plus sincères 
et les plus ardents pour-qu'il en soit ainsi. 

Il existe déjà dans le Moyen Orient une Conférence 
de ce genre, dirigée par un Comité. permanent dont 
je fais partie. 

Son domaine esf moins és puisqu'elle n'englobe 
que l'Egypte et la plupart des pays de langue arabe. 


Elle a tenu ses assises en 1945 et 1046 ei des 
résultats aussi concrets qu ’heureux ont été déjà obtenus, 
parmi lesquels je dois citer la récente promulgation en 
Egypte d’une loi constituant la Fédaration des ingén- 
ieurs et Techniciens et visant à proteger leurs statuts 
et prérogatives. — 


J'ai, des raisons. serieuses de croire qu’une loi 
identique sera bienlôt promulguée dans les différents 


pays qui ont participé. à ces deux Congrès. 


Plus de 1500 membres ont pris part à ces Congrès 
auxquels S. M. le Roi d'Egypte a daigné accepter 
d'accorder son patronage, manifestant ainsi, une fois 
de plus,. Pintéret qu’il porte aux oeuvres techniques 
et à leurs auteurs. | : 

Ici, cette Conférence, comme son nom l'indique, 
envisage -une coopération internationale. Elle a un 
champ d'action plus” vaste et son But social et écono- 
miquè est beaucoup plus grand. Aussi,.ses résultats 
n’en seront que plus importants. 

Et le moment n'est pas loin, je l'espère, ou nous 
verrons les ingénieurs et techniciens prendre une part 
plus active et plus grande dans la direction des 
afiaires de leurs pays respectifs et dans la déstinée de 
ceux ci, 


De la sorte, le monde sera toujours en progrès et 
la paix plus stable. 

Dieu fasse qu'il en soit ainsi pour le bien universel. 

Avant de terminer, -je tiens à signaler combien il : 
m'est agréable de relever que l’organisation de ce 
Congrès international revient presqu'entièrement à la 
France. Fo 7 
Car j'ai, pour ce beau pays, une Rae toute 
spéciale et très nombreux sont, en Egypte eten Orient, 
ceux qui professent à son égard.le même sentiment. : 


L'Egypted'ailleurs, cette terre hospitalière,a foujoust 
äccueilli les ingénieurs et techniciens étrangers qui se 
sont dirigés vers son rivage et, parmi ceux ci, les 


. francais ont toujours été aussi nombreux qu'illustres. 


Qu'il me suffise de rappeler que parmi les oeuvres 
dues aux ingénieurs et techniciens francais figurent 
notamment le Canal de Suez ic premier Barrage du 
Delta, les installations pour le gaz et l’éléctricité, 

Et pour terminer, j'exprimerai je souhait de voir 
associés dans la même prospérité la France et l'Egypte, 
les pays d'Orient et tous ceux qui ont contribué au 
succès de la Conférence Technique Internationale. 
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4. Building Materials Research Laboraiory Features 
Novel Movable Partitions. 
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5. French Engineers Build Dam With Spillway 
over the Powerhouse . ù 
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6. Golden Gate Bridge Vibration Studies 


jh ge Le bét L. 


ce AU cljisYi OS 2 D AU os p 5 
Souei j de ae de getll OU (6 Se el obl el 5 
EM «AU Ge à Ge at 8 9 53 SO Lie FL 
Les olS NI ae ph Le Li all de Je œil 
… HA AU ur SG Laludl SU LUE des) du 
ol à JA 8e Vies Ge AL 

August 22“, 1046. S 

1. War's Outstanding Floating Bridge. 
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Engineering News-Record 330 West Forty Second 
Street New York N. V.) 


August 8, 1946. 
1. Seven—Mile El Mirador Tunnel in Mexico. 
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2. Chemical Treatment in Los Angeles Sewers. 
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3. Helping Cities to Help Themselves by Josef 
O.Heck, Director of Municipal planning public works 
Administration N. Y. 
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6. “Building an Airbase in the Azores” by Brig. 


Gen. }. S. Bragdon. 
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Civil Engineering (American Society of Civil 
Engineers 33 West 39th street New Vork 18, N. Y.) 


July 1946. 

1. Radar Shows Promise in Mapping. 

Part I New Ease in Charting Positions. 

Part Il— Application, of Radar Equipment to 
Electronic Surveying.- 

Part I Position Determination by Shoran in 
Hydrographic Surveying. 

Part IV— Mechanics of Operating Shoran. 

Part V— Shoran Surveys by Army Demonstrate 
Accüracy. 


Part VI Loran, New Long — Range Aid to 
: Navigation. 


Part Vil- Accurate Determination of Range with 
Radar. 
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{ Milk Plant Designed for Rapid Erection. 
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4. Wellpoints in a Pumped—Sand Fill Facilitate 
Outfail Sewer Construction. 
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5. Precast Sectional Wallis and Roof Allow for 
Uneven Reservoir Settlement. 
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4. “Relief Wells For Dams and Levees.”? 


by T. A. Middiebrooks and William H. Jervis, 
Assoc. Members, ASCE. 
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5. “Advances I N Sewage Treatment and Present 

Status of the Art”. 

gi cn quil Lez Let & JU or) a dia 
dus KW BL nie 67 Ge ke 085. (6 l8l Luxe 
ERA R dherlat Je 67e ASS GA lis 
; Er \40 A oja 30 + 5 al 


Civil Engineering 
(American society of Civil Engineers 33 West 
39 Street, New York 18. N. Y.) 


September 1946 : 
1) “Unique Caissons make iles Repairs Possible 
at Grand Coube” by Robert Sailer & B. G. Davis. 
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2) “Unusual Floating Drydock Combines Steel 
and Wood”... by stuart Crandal.. 
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2. “Less Sand and Water in Air — Entraining 
Batches Improves Concrete .” 

by Mayron ASwayze, Director of Research. Lone 
Star Cement corporation, New York, N. Y. 
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3. “Two — Compartment. Cell Soîtens Water 
Electronically by Lee Streicher, chief chemist, metro- 


politan Water District of southern. California, La 
Verne, California, ; 
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Proceedings American Society of Civil Engineers 
(33 West 39" street New York 18, N. Y.) 


re 1946. 
“Observations on the Behavior of Aluminum 
FE Test Girders.” 
by R. L. Moore, Assoc. M. ASCE. 
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2. “Design of Plywood, -Beams.” 
by Howard J. Havsen, Assoc. M. ASCE. 
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3. “Rigid-Frame Structures Subject to Nonuniform 
Thermal Action.” 
by. Carl C. H. Tommesup, A$soc. M. ASCE. 
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5) “Stability of Runway Soils Determined by 
Ground-Water Vapour” by H. H. Houk 
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6) “Fuel & Fertilizer from Sewage — Aim of Csmat 
Treatment Plants” by Dr. A.J. Fischer. 
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7) “Uncompacted Mass Asphalt Paving for River 


Banks and Levees” by Lt. Colonel A.B. Picket US. 
Army Engineers New Orleans. 
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Engineering News—Record 
(330 W. 42hd street New York 18, N.V.) 
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Group 10. Transports. | 
The International Technical Congress, after having 

studied the repo.ts presented which deal with the 

different categories of transport: air, sea _andriver, 
rail and and road, is of the opinion. 

1. that the free development of transportation, 
both national and international, conditions the return 
to world prosperity and peace; 

-2. that the effort of Engineers from all countries 
must tend more and more to determine conditions of 
establishment and utilisation of roads, railways, ports 
inland waterways and airports, which should be 
applied, not only in highly industrialised countries 
but in'others also if is wished to facilitate exchanges 
permitting the re-establishment of world economy. 


3. that far from competing with each other, the 


different means of transportation should be comp- 
lementary to each other. .The adaptation of each to 
what should be îts own traffic should result from 
its technical and economical characteristics rather 
than from the intervention of the public powers which 
would risk slowing down instead of encouraging the 
development of exchanges. 


Group 11. Telecommunicatiois. 


The’ International Technicat Congress make the 
wishes : | 

1°) Thai the whole of the scientific and technical 
knowledges acquired on the subject of commnica- 
tions be rendered accessible to other fields of Engine- 
éring by a close cooperation between the specialists 
of communications and those of other technics. 


2°) That the Engineers of all specialities bring 
their help and energy to the conclusion of Inter- 
national agreement on the use of radio in air naviga- 
tion, agreements which are an essential condition 
of commerciat aviation. 


Group 12. Distribution of manufactured goods 
International exchanges. 


The International Technical Congress has consi- 
dered with great attention the two precise reports on 
distribution of industrial products. Considering the 
importance of useless expenses in à badly organized 
distribution, requests that this question be proposed 
as à main subject at a next Congress. 


Group 13. Miscellaneous engineering. 


After a careful study of the numerous reporis on 
the questions gethered in the thirtéenth section of 


Group C, the International Technical Congress 
thanks its authors, and draws the attention to the 
interest of these questions which can make the object 
of general studies at the next Congress. 


SECTION D. 


Group 1 Present organisation of existing Sacie- 
ties of Engineers and Technicians and of. Inter- 
uationai Associations or Congresses. 


The International Technical Corigress expresses 
the following wishes : 


1°) Considering that it is opportune to establish 
permanent relations between the engineers and tech- 
nicians of different countries, the Congress expresses 
the wish that each country form, on the national-level, : 
a single representation of the groups of engineers 
and technicians. 


2°) Considering the universal character of tech- 
nique, the International Technical Congress desires 
that direct international relations be established ‘ 
between Associations dealing in the study and 
promotion of the same technique in each country. 


3°) Considering that the different. techniques are 
in some measure interdependent, the f{nternational 
Technical Congress expresses the wish that relations 
may be established, on the ‘national level, between 
the various technical associations and, on the world 
level, between the different, Federations of As: 
sociations. | 

Groups 2 and 4 Social mission of Engineers and 
Technicians— Their, duties and right — The role of 
Engineers and Technicians in the various internat- 
ianal bodies for reconstruction and economic and’ 
social development. - 


The laternational Tenchnical Congress. after study- 
ing the reports and the ensuing discusssion, adopts 
the following Resolutions. 


1°) Research and technical realisations must be 


-adapted to satisfy the modern needs and to seek a 


higher well-being for all men. 
To this end it is necessary to coordinate the 
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5. Interconnection networks shohld be developed” 


to the uimost, and to them should be connected the 
hydraulic equipment consisting of large central plants 
supplying power at long distances, or a limited 
number of power stations of averäge side. The role 
of the network of interconnection is primarily to 
unify the degree of electrification in different regions 
or different countries and to level out the selling 
prices of energy. On that point, especially for very 
long distances (international transport) a certain 
number of technical problems connected with the 
very high tensions which will be necessary, remain 
to be solved. . 


Other problems not yet completely solved should 
also be studied, for instance, concerning security, 
permanency of service and rules of interconnection. 


6. 1 would.be desirable that the determination of 
the cost price of energy at the moment of distribution 
and the selling rates should be included in the Agenda 
of the next Congress. 


(PETROLEUM) 


. Having taken cognisance of the reports submitted 


on petroleum and connected products, the Congress - 


adopts the following resolutien : 


“A thorough study of general problems of energy 
in relation to these questions will be placed on the 
Agenda of the next Congress. + This strdy should be 
especially directed 46 the relationship between energy 
from other sources. It is. desirable that technicians 
and engineers from all parts of the world compare 
the factors entering into the determination of relative 
quantities of energy, relative quantities of labour, 
capital and time involved in prospection for, extraction, 
transformation and utilisation of petroleum and 
connected products.” | 


Group 6. Manufacturing Industries. 


The Congress, after discussing the reports 
submitted ‘on miscellaneous industries, notes with 
pleasure the essential interest in social conditions 
evidenced by all the communications This feeling of: 
solidarity is general among engineers. Unfortunately, 
it is overshadowed by: the lack of comprehension 
shown in tax legislation. The Congress therefore 
feels that it would be desirable to place. on the 
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Agenda ofthe next Congress the comparisor 
national viewpoints in the various industries. 


Group 7. Town and city planning. 


The Congress, after studying the reports and the 
discussion which followed, adopts the following 
resolutions. 


1. At the next Gongress a comparison should be 
made of the various principles but forward from :the 
point of view of the efficiency and cost price of 
transportation (passengers, goods, fluids), and from 
the point of view of the crographic utilisation of the 
regional plan under review. 


2. The family unit of which towns are composed 
must be defined from the twofold viewpoint of 


‘Salubrity and social amenities and the comfort of its 


occupents. due allowance being made for the new 
fact that, owing to short working hours, the indivi- 
dual spends a large part of his time in the family 
circle. 


The family unit must be convenientty placed in 
relation to the neighbourhood centres ‘and places of 
work. 


3. Schools business and administrative centres, | 
primary spiritual and recreative neighbourhood 
centres (churches, sports, cinemas. libraries, hospitals, 
study and higher training circtes, etc... must be 
situated in proximity to the residential groups, in 
order to avoid all mechanical transportation. 


4. The fight against slums must be preceded by 
the creation of new neighbourhoods under the con- 
ditions just set forth. 


5. This organisation. corresponding to urban 
groups, must be based on prior study of the whole 
area add.particularly of the general centres compris- 
ing large public and private bodies, exceptional 
recreations(theatres, museums,etc..), higher education 
essential trades, etc... 


Group 9. Public works and civil engineering. 


Having listened to the very interesting reports 
of Civil Engineering on different techniques, the 
Congress requests that precise programmes be pro- 
posed to following congresses. 


— 9 — 


Group 3. Agriculture and rural engineerine. 


The Congress Notes that : 

1. Agricultural economy in numerous countries is 
approaching a decisive and redoubtable turning-point 
in its evolution. 

2. It is necessary not only to reconstitute destroyed 
or worn-out properties and equipments, but, above 
all, rapidly to adopt each economy to the new condi- 
tions of production and distribution. 


3 ÂII rational evolution is complex and cannot 
be brought io a successful issue unless reliable and 
highly developed technical methods are used. 

4. Agricultural techniques are complex and difficult. 
They react principally. on living media, they must, in 
particular, take into account the atmospherie conditions 
or reductable enemies. They necessitate not only 
very extensive scientific knowledge, but also sold 
experience and highly developed initiative. 

5, Modern agriculture calls for more and, more 
diversified private and collective equipment and 
engineering work of ever-increasing importance. 


6. As a general rule, the standard of living of 
‘ farmers remains lower than that in the towns, 
particularly owing to the lack of adequate dwellings 
and suitable conditions of social] intercourse. 


The Congress Especially Emphasises the predonin: 
ance of the following measures : 

a) Improvement of agricultural techniques, in 
. particular by good organisation and development of 


research Work and training in and popularisation of. 


such techniques. 

b} Rural equipment of both an economic and social 
character, and, especially, a penez for the development 
of energy. 

c) Establishment, taking into account the conditions 
peculiar to each country, of a clear and durable 
economy policy placing agriculture on its proper plane. 

d) Close liaison between technicians in all branches 
with a view to better mutual knowledge and proper 
co ordination of efforts directed to realisation. 

e) Creation -of a central body under U.N.O. for 


collecting, co-ordinating and distributing information . 


and documentation permitting of a rapid improvement 
in agricultural productivity. 


Group 4.'Raw Materials. 

Considering the prime importance of “the raw 
materials for the orgonisation of the production, the 
Congress requests that this question should be speciaily 
studied at the next Congress. 


Group 5. Power. 
(ELECTRICITY) 


The International Technical Congress considers 
that the diffusion of electricity should be facilitated, 
speeded up and assured under. conditions of minimum 
prices and of the highest regularity. 


Therefore it is necessary :. - 


{1 To develop international standardisation, parti- 
cularly of the apparatus of utilisation, in order to allow 
of the construction of such apparatus on a very large 
seale and its employment in various cotintries. 


2. To increase rapidly, in all countries- not yet 
highly developed, the number of plants of medium 
production capacity, in preferance to the construction 
in Such countries of a small Ram of very high- 
2 DOWN plants. 


However, a proper proportion of regularising 
hydraulic plants should be sought especially in 
countries with a low production of coal. 


3) To study and realise progressively the inter- 
connection of the national network for transport of 
energy, Commencing with the countries where these 
networks are already very: important (Europe, for 
instance), and where the development of exchanges 
of energy among-the countries seems to be of a nature 
to facilitate the collection of reserves, the realisation 
= of important programmes of equipment-and the best 
utilisation of the energy produced. 


4. Even in countries rich in hydraulic édergy, 
thermic energy plans: an important part in regulärisa- 
‘ tion. 

Todd. it is important to operate, maintain-and 
develop central thermic plants of high power without 
seeking the immediate proximity of rivers for. 
condensation. It follows that there.is a possibility of 
promoting maximum development of the installation 
of Power Stations in mining areas. Plants of the old 
{ype can be retained if they are adapted and used 35 
reserve supplies. 
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Second!lly : International liaison to be secured by 
exchanges of engineers, preferably during their 
training period. 

Further this section provès the proposal conccrn- 
ing the establishment of an internationai arrangement 
for the restoration of the rights of industrial property 
affected by the war, the adoption of which was 
proposed by the Executive Committee of the “’Assoc- 
{ation Internationale pour la Protection de la Propriéte 
Industriels” (A. L P. P. L) which met at zurich on 
the 24th, 25th and 26th of June 1946. 

SECTION B. 

Atomic energy. 

The International Technical Congress. 

.— takes note of the many possibilities offered to 
mankind by the large scale use of the anergy released 
in nuclear fission. | 

— expresses its will for reserve and prudence at 
a time when delicate international negociations are 
in progress on the subject of nuclear energy, as well 
as its wishes and hopes for the success of these 
negociations. 

— and passes the following” tdtutdiee 

1°) that, in every country, engineers and scientists, 
as well as the engineering and scientific associations 
undertake the task of enlightning public opinion on 
the benefits and, the possible : dangers of nuclear 
energy, and of fightiug persistantly the errors 100 
often published in sensational articles or pamphlets. 

2°) that the freedom of publication, indispensable 
tointernational scientific cooperation, be reestablished 
speedily. 

3°) that, everywhere, research and development 
be actively furihered for peaceful ‘applications of 
nuclear energy, in order to prepare most efficientiy 
for the initiation of work which the hoped for 
international agreement on the control of nuclear 
energy, will make possible. 


SECTION C. 
Group 1, Standardixation. 


Research and study of the methods of organizing 


work appears to have made substantial progress 
throughout world during the war years. 

Moreaver, the reports submitted to this Congress 
reflect certain similar tendencies on different pro- 
blems, and in particular, that of the man at work. 
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lt is evident that it is a human necessity to expand 
throughout the world industry and trade, every 
possible methods of organization of production that 
could improve working conditions. . 
_ Engineers, accordingly, invite Medical Practitioners 
Psychologists, Sociologists, to consider with great 
attention the question of‘human eilfort and they 
desire, in cooperating with specialists of the organ- 
ization of production, to study and solve the intricate 


- problems set by the diversity of types of production. 


oCnsequently, it thought of the first importance 
that there should be an International Organization: 
entirely independant of politic-which should animate, 
coordinate, and control ail the study and research 
of that kind. 

Further, it is considered that such an Inter- 
national Institution, covering the organization oi 
production, should be created and attached to United 
Nations. Organization. 

It is, therefore, the wish and proposal oi the 
“Production Organization” group of the International 
Technical Congress that a permanent Institution 
should be established to accomplish this task, for the 
benefit of all nations. ; 

The Organization which would thus be created 
could for instance succeed the “Institute International 
de l'Organisation du Travail” which was attached to 
the League of Nations and which has already begun 
that indispensable task which all who are anxious to 
improve working conditions must accomplish. 


3) To invite its members to take the greatest 


. account of the psychological factor in the studies of 


international standardization. 

4°) Before a universal unit system be internation- 
ally adopted, to invite afl its members, every time 
that it is possible. î 


a) To employ exclusively in papers valid homoge- 
neous formulas whatever units used. 

b) To translate in metric unities the results given 
in ihe papers in non-metric and to join the coef- 
ficients of conversion of the con-metric unities into 
metric unities. 

5°) To invite its members to catry out the neces- 
sary propaganda in their respective countries towards 
the propagation of the everincreasing notichs of 
international standardization. 
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INTERNATIONAL TECHNICAL CONGRESS RESOLUTIONS. 


SECTION A. 


Groupp 1 Immediate technical problems of 
economic recovery and reconstruction 0f war-devas- 
tated regions. 


However variable may be the solutions of the 
problems of reconstruction in different countries as 
determined by climatic and post-war development 
conditions, traditions, ways of life, means of living 
and social aims-there are certain fundamental factors 
in technical fields which will remain more ‘or less 
in common. 


Amutual exchange of experience and scientific 
knowledge will, therefore, be of the greatest value to 
the solutions of the problems of rehabilitation in each 
country. |t may not only save time but also lead 
to a more rational use of man-power, managerial 
competence, materials and equipment and ‘thus lead 
to improved methods of construction. 


As concerns housing, with reference to the report 
both of the special meeting ot Emergency Housing 
Problems and of the United Nations Organization 
sub-commission of devastated areas which. were 
held respectively in Brussels in July 1946 and in 
Londonin Argust 1946, the International Congress of 
Engineers wishes to associate itself with their 
resolutions which recommend that the Economic and 
Social Council of U. N. O. should undertake or 
sponsor the establishmanent of a permanent 
international housing organization. ! 


Groups 2 and 4—Long-term modernization and 
development plans international, national or regional, 
General problems of economic development. - 


AS concerns post-war development, the Congress 
suggests that the Economic and Social Council set up a 
general staff of technicians charged with responsibility 
for exploring the means of furthering industrialization, 
advising in problems of economic development and 
giving other assistance as the occasion may demand. 
For instance, it may be called upon to give advice to 
the agencies in charge of granting international 
credits. It will also analyse the long range plans of 


reconstruction-in order {o avoid both the orisis of 
overproduetion and increase of prices. 


The Congress also suggests that there. shonid be 
created an International Institute for River Valley 


Development, standing quite apart from the dip- 


lomatic handicaps of the government agencies. 

The world is inhabited by something .over 2 
billion human beings, supported by the work of some 
800 millions, and of these sixty per cent or nearly 
500 millions persons are engaged in tilling the soil. 
By the lack of energy “and industrialisation, the 
standard of living of these agricultural people is 


very low, specially in so-called backward couniries. 


As these less developed countries possess the 
world’s greatest hydro-electric power reserves, it is 
suggested that special ettention would be given to 
hydro-electric instalations and to the industrialization 
of these countries, so as to raise the conditions of 
life of their inhabitants and indirectly to increase 
their purchasing power and to develop their foreign 
trade. It is estimated that 150 million people can be 
removed from agriculture by better farm organization 
and mechanizo tion and employed in more attractive 
jobs in industry and services. 


The Congress believes that it must call the attent- 
ion of Public Agencies to the social advantages to 
to the social advantages to be obtained by decen- 
tralisation as demonstrated in the case of countries 
industrialised such asthe U. S. A. This decentralization 
may be obtained by means of plante of moderate size 
which, while avoiding the social and financial con- 
gestion represented by the over-size centers, still 
allôw of mass production for sub-contracting plants. 


Group 3 Applied Scientific Research. 


The International Technical Cngress formulates : 
the following proposals which it desires to be put 
into effect : 


Firstly : The creation of an Interuationai Institution 
for Documentation which would be able to’secure the 
coordination of ail National Institutions In the scienti- 
fic and technical field, 


—6— 


———— 1 


Another example-also from the Tables-shews how 


calculations can be carried out when the initial pres- 
sures and temperatures are not tabulated:—  : 


Fid the adiabatic heat drop between a point at 
1300 1b//sq. in. and 000°F, and a pressure of 600 
1b//sq. in. È | 

Considering the 1400 and the 1200 1b/sq. in. 
lines, select two adiabatics which, at the intermediate 
1300 1b//sq. in. pressure, will give temperatures 
lower and higher respectively than 900. 

The values p — 1.57 and 1.58 are suitable. 

= 1. 57. 


At 1300 1b/ sq.in.,t=862. 8x4. 0—886.75°F 


1 — 1417.5 + 0.5 X 21. 2 = 1428.1 B. Th. U./Ib. 

Lat 6001b/sq. in.  —1332.3 

Heat drop along this line — 05.8 8 

œp == 1.58 

Similarly, at 1300 1b/sq. in.,t — 909.25 °F, and 
the heat drop to 600 .1b//sq. in is 97.05 B. Th. U 1b. 

The adiabatic heat drop from 1300 1b/sq. in 


and 900 °F to 600 1b/sq. in. 
— 95,8 + (00886. 75) 
(009.25 - 886, 75 


X (07.05.—05.8) 
= 97.1 B.Th. U./1b. Ê& 


A direct check from the extended Callender_ 


Tables gives a value of 97. 3 B. Th. U./1b. 

The interpolation at the end this example is based 
on the assumption that the change of Total Heat at 
constant pressure in the superheat region, is for a 
small change of entropy, equal to.the change of 


entropy muliplied by the average value of the 
absolute temperature during the change. 


daterpolations along the saturation line. 

TABLE III gives 82 points on the saturation line, 
spaced at 0.01 unit of entropy: and with this small 
spacing, interpolations can be taken as linear. Should 
greater accuracy be réquired for the volume figures, 
the special rule given earlier can be followed. in 
this case as well. 

Two other special features of the new Tables 
should be noted. 

(a) A table giving the “absolute” viscosity of 
steam from 15.1b/sq. in.to 2000 1b /sq.in. and 
213 ‘Fto 842 °F is included. . 

This Table is derived from the experimental work 
of K. Sigwart, of Danzing and is reproduced-slightly 
“abridged and converted to Fahrenheit units-from a 
Paper presented to the Institution of Mechanical 


Continued from Page (10). 


Engineers (“The Transmission of Superheated Stean 
over long distances” by Professor C. A. Geneve. 
Vol.139 (1938) Pp. 355 et seq.} & 

Values of viscosity are important in connection 
with the Reynolds Number for steam flow calculations. 

(b) A very complete set of Standard Data and 
Conversion Factors, based on the latest accepted 
figures, is given on Pp. 5 and 6. This incorporates 
such items as the “conventional"” value of “g”, he 
International temperature scale, the value of the 
tandard atmospüerice pressure, and the basic steam 
constants. 


different categories of technicians, both on the 
national ond international level. 

2°. Engineers must get throughly in their minds 
the necessity to play more and more not only a 


technical part, but also a social part, taking the 
greatest account of the human factor. 


They must understand that they form an important 
group in the economic life of nations and especially 
in the general organisation of the profession. 

3°. It is to’ be hoped that Governments will under- 
stand the important part that the technique is called 
upon to play in economy and will consequentiy 
attribute a greater place to engineers. 

4, This part, besides, should be recognized by 
giving engineers a higher place in the scale of values- 
both materially and morally. 

Group 3. Technical edueation and professional 
training. 

1°. To develop in the mind of the young engineer 
the taste for scientific, economic and social studies. 

2°, To give,as far as possible, to the young-engineer, 
the knowledge of economic and social conditions, in 


his country as well s in the others. 


3°. To diffuse, because of their information value, 


* reports and communications treating with technical 


education and professional training. 
Groups 5. Exchanges of Engineering. 

+ That for the evolution of technic and social ideas, 
it is highly desirable to facilitate the exchange of 
engineers between various countries and periods of 
instruction for engineers on the international level. 

It would be desirable that the World Organization 
of Engineers when created coordinate these exchanges 
and periods of instruction. 
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With “x = 0.80, the volume of “wet” steam, 


taken as x. Vs, = 0.8 X 0. 255 — 0.2042. 


The correct calculation is 0.0239 -- 0.8 X 0.2311 
— 0.2088. The error is about 2.3 per cent. 


Interpolations. In the superheat region, at con- 
stant pressure and at constant entropy, i. e. along 
the vertical and horizontal lines of the Tables, inter- 
polations may be taken as linear, except in the oxe 
case of volume interpolations at constant entropy. 
This, exception is’ due to the fact that changes of 
volume are very rapid in relation to changes of 
pressure, especially at the lower pressures. Hence a 


- This rule can be proved as follows :— 
Assuming P V' = const. 


RE 
P er P 
(V— V2) = cie (P 
(Vi— V2 = is pe 
( Er P; 
P; 
— pa . using the binomial. approximation 
1 F2 


for fairly small differences {P—P2) and (P1—Pe}. 
The following example is reproduced from the 


special rule must be used for this case, based on the Tables :— 
700 503,2°F 486,30P 500 467,1°F 
1b/in® 962,9 abs 946,0 abs_ | 1b/1n2 g28 8 ans 
V ms T 
Liq, 0,.0205/0.6926 449,6|0, ë 9710. c4o1 
Lat,. 0.6365|0.7379 755.910.9103)C.8145 
Vap.11202.2|0.6570| 1.4305 1205.5/0.9500[1.4640 
59 ev 6x 
0.01 0.0086|0.0136 à 
Ce DEL ee ET v ler | 1 v | ve | 
1.44/1211.6[0.677 | 513.5 
1.45/1221,510.695.:| 524.9 
1,4611231,410,709 | 536,7 
1.47,1241,510,727 | 549,1 
1.48)11251.6/0.744 | 562,2 
1:49/1262,0/0.762 | 576,1 
1,50{1272,4/0.780 | 590.4 
1,51/1285,0/0.798 | 605,5 
1.52/1205,8[0.817 | 621,5 
1,5311804.710,836 | 638.0 
1.54/1916,6)0.856 | 655,1 
1.55/13527.0)0.875 | 672,9] 1510.110.988 | 633.6 | 1290.411.159 | 586.3 
1,56[1328,5/0,895 | 691.3} 1521,1/1.011 | 651,5 | 1300,0/1,165 | 605.4 
1,57,2%60,010,915 | 710.01 1532,5/1,034 | 670.0 | 1511,0/1,192 | 613,3 
1.58/1361,7/90,035 | 729,4) 1545.2/1.057 | 689.2 | 1322,8|1,218 | 641.7 
1.59/1373,95/0,957 | 749,21 1355.5/1.052 | 708.6 | 1333.011,246 | 660.6 
1.60/1585,8)0,973 | 770,2] 1367,111.106 | 728,8 | 1345,3/1.273 | 680,2 
1.61/1398,4/1.000 | 791.8) 1378,7/1.129 | 749,0 | 1555,e|1,202 | 700,4 
1.6%/1431.211,028 | 814.0] 1300,9/1,154 | 770.4 | 1368,811,551 | 721,0 
1,6811424,1/1.045 | 836.7{ 1403.411,179 | 792,4 | 1579,9/1,960 | 741,5 
1,64/1427,211.068 | 8€c0.2| 1416.111,206 | 815,1 | 1391,9[1.289 | 763.1 
1.6511410,6/ 1.091 | 884,4f 1429.1/1.282 | 858.4 | 2404,3/1,419 | 785,5 
1.66/14€5.9) 1.115 | 808,8| 1442,2/1,258 | 862.2 | 1416.711.450 | 808,4 
1.67/1477.6/1.158 | 953,0! 1455,5|/1,285 | 886,8 | 1429.611,491 | 852,2 
1.6811491.7/1.165 | 959.8! 1469,0[1,3513 | 911.5 | 1442.811,518 | 856,3 
1.69 1482,6{11.540 | 936,9 | 2456,2 


fact that, on an adiabatic, the law relating P and V can 
be written P.V'$ = constant: this being a simplifi- 
cation of the form P. (V—b)'? = const. derived by 
Callendar, the factor “b’ being negligible for small 


pressure differences. . 
This special rule can be written shortly thus :— 


A Pu V, P, V, and P2, Va refer to an initial, inter- 
mediate, and a final state on an adiabatic, then. 


ns ; (P—P2) Pi . . 
V=Vo— SE I Or, : 
# p=PoP (V2 - Vi}. Orin other words 
the arithmetical or , “linear” proporlional difference 


‘must be corrected’by the factor P:/P. 


1,546 621.3 


Find the specific volume for a pressure of 340 
ib‘sq. in. and entropy 11.60, by interpolation be- 
tween 400 1b//sq. in. and 300 1b/sq.. in. 

At 300 1b//sq. in., V = 1.802 cu. Rae 
At400 1b/sq. in, V = 1. 1.516 400 


Corrected difference 0.376 X 0.4 x 400 ==0:177 


Volume at 340 ib sq. in. == 1.892 — 0.177 — 
1.715 cu. ft/1b. 


The tabulated value for this pressure is 1.718 
cu.ft/1b—a difference of less than 0.2 per cent-which 


shews that, even for a large pressure difference, the 


- rule is quite accurate. 
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functions during: complete evaporation. This saves 
some calculation when properties of “wet” steam are 
required. In this connection it may be pointed out that 
although the tabujation of the functions in the “wet 
region” would be of real use, this would be justified 
only in more extended Tables, with closer spacing of 
the Pressure and Entropy lines. 

In order however further to facilitate calculations 
for the wet region, a line of “differences” A V,A\x 


for the functions V and x (dryness fraction) for a 
change of Entropy A & = 0.01 has been added. 


The corresponding value of. A ! was not included 


——— cptil) 0 —— 


At 15.1b/sq.in..q (saturated) == 1.7557. 
| Deduct 1.654 
Factor — Q1017—0.01—10.17 
10. 17 x 6.73 —68.5thus 1 |= 1151.6— 68.5=—1083.1 
B.Th.U 


V=10.17x0.182 — 1.85 V=— 26. 35 —1.85— 24.5 
cu. ft/1b 


#==10.17x0. 60716— 0.0728  — 1 — 0.0723= 0.027 


The whole calculation is carried out with a single 
setting of the slide rule. 


With the usual meMoN, the value of X has first 


— TABLE I— 


228,09F 15 


213.0°F °193,29F 


687.7 abs Ib Ant 
2 


ial 31 0.017|0, 3136 161.2| O. o17 
970.5126,.555|/1.4421 | 982.6|58.475 


672,7 ses 1b/1n? _. 9 ste 
l'A I 


1151.6[26.350]1. na 1145.8/38.49011, . 7883 


34.16 


as it is equal to (Absolute Temperature T) x 0.01; 
and can therefore be taken directly from the value of 
Tin the heading space ofthe Pressure column. Mofe:- 
This follows from the fact that, during evaporation 
at constant pressure, Q—=I—=T. À @ and Tis 
constant. 

The use of these differences is illustrated by the 
following example : — 

‘Steam is expanded. at constant Entropy ç — 
1. 654 to a pressure of 15 1b/sq- in. abs. Find the 
final properties." 


article. 


Solution, From the sample extract given in this 


to be calculated as ratio of differences, and the stide 
rule re-set to this value. 

One point of some little importance is that, in the 
computation ofthe volume of “wet steam”, the use of 
the factor as obtained above gives an exact resulf, 


(A 


where as the usual approximate calculation as “x 
times the saturation volume Vs". whilst quile satis- 
factory at medium and low pressures, leads to some 
errer at the high pressures. 

Thus, at 1600 1b/sq. in., the Table gives :- Volume 
of liquid 0.0239 cu. ft/ib. Change during evaporatior 
0.2311. Volume of D. S. steam 0.255. 
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(Pi Vi—P2 Va) + (Er—E:) or (1 + Pi Vi) — 
(E2 + Pa Vi) 

The last two bracketed terms are called the “Total 
Heats”’ or “Enthalpies’”’ I; and 12 of the gas at the 
respective initial and final states. ‘ 

Note that the Pressure-Volume (P-V) “diagram” 
obtained for the two complete strokes is, for steam, 
the well known “Rankine Cycle” for which the net 
wcrk done per unit mass is thus (l1—12), defined as 
the “Rankine” or “Adiabatic” or “[sentropic” Heat 
Drop between the initial and final points of the 
expansion process. This “net work” may appear as 
mechanical work done by the piston on the conect- 
ing rod and crank of a reciprocating engine or as 
the kinetic energy of a steam jet when the expansion 
takes place in a turbine nozzle; and hence it represents 
the “ideal” performance of a steam engine or turbine, 
to which the actual: work obtained in a practical 
machine is compared. a 

Jtis because of the importance of this Rankine or 
isentropic work in steam calculations that it occurred 
to the compiler of these Tablès that the Entropy 
function is preferable to temperature as one.of the 
independent variables, the other being of course 
absolute pressure. 

Further reasons for this pidion are :— 

(a) The Entropy function has ceased to be a 
“bogey”’.to the trained engineer: he now fully 
realises its value as a help in steam compuütations. 

(b) Tabulated values of “Total Heats” for closely 
spaced adiabatics help greatiy to work out “Rankine 
Heat Drops rapidly. f 

(c) In Steam engine or turbine design, ‘an initial 
‘total’ steam temperature is usually assumed, some- 
what arbitrarily, for normal conditions in the steam 
chest: it is quite simple to select instead some tabu- 
lated._ value of the Entropy which gives a temperature 
very close to the one considered suitable. 

(d) Interpolations are no more difficult than with 
the ordinary Tables based on temperature ; and some 


“short cuts” are rendered possible suis simplify : 


certain calculations. 

(e) The Entropy values are, for given correspond- 
ing conditions, the same in all three standard engin- 
eering systems of units viz:- those using the British 
Thermal Unit (pound—F), the Centigrade Heat Unit 
(pound—°C), and the Kilo-calorie (Kilo—°C); and 


gmail 


this facilitates conversion to any system of the tabulated 
values along adiabatic. 

As in the latest Callendar Tables, the British Ther- 
mal Unit system has been adopted, for it is now the 
system almost entirely used in American and British 
steam practice; the Centigrade Heat Unit system- 


which was introduced within the last fifty years in 


certain British universities-has recently shewn signs 
of loss of popularity. 
Description and use of the Tables. 


TABLE I gives, for 39 pressures from 2000 1 b/sq. 
in. to 2 1b/sq. in. absolute, values of the ‘total 
heat” l'in British Thermal Units, the specific volume 
V in cubic feet per pound,'and the temperature t in° 
degrees Fahrenheit, for values of the Entropy v 
differing by amounts of 0.01 in the superheat region. 

Properties of the saturated liquid and vapaur are 
given in a small tabulation which includes jthe 


| pressure heading. 


TABLE Ii covers the saturation figures for low prés 
syres from 5.,1 b/sq. in. to 0.10 1b/sq. in. absolute : 
10 values of the absolute pressure in “inches” “of 
mercury” are also included. The conversion factor 
used is:— 1 inch of mercury sat 62°F is equal to 
0.4896 1b/sq- in. | 

“Absolute” values of the pressures - both in Ib/sq. 
in. and inches of mercury -are tabulated, in order 
that, for any measured barometric pressure, the actual 
“vacuum” can be immediately determined. : 

. This Table is very useful for condenser or cooling 
tower calculations, where mixtures of vapour aud air 
have to be dealt with. 

TABLE IIL This gives the points at which succes- 
sive adiabatics (with entropy values in steps of 0.01% 


. from 1.29 to 2. 10) cut the saturation line, and enables' 


close linear ‘interpolation to be carried out foi 
intermediate values on this line. 

Two extracts from the Tables are given to illustrate 
their use. 

The method of tabulation for the properties of 


saturated water and steam is more complete than in 
the Caïllendar Tables. The values of the Total Heat - 


I, the Specific Volume V, and the Entropy : 
given for both the saturated liquid and the satu 
vapour, as well as the values of the changes of. 
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PRESSURE ENTROPY STEAM TABLES. 


‘compiled by Professor C. À. Geneve B. Sc. À. C. G.I. 


These Tables of the properties of steam were 


re-calculated on a basis of Entropy from the “1939 


Callendar Steam Tables” (Edward Arnold & Co, 
Publishers, London); and are printed in Egypt by 
permission of the owners and publishers of the copy- 
right of the Callendar Steam Tables. 


The work was carried out, for the Faculty of 
Engineering of the Fouad 1 University, by the Egpt- 
jan Government Press ir-Bulaq, Cairo, a series of 
blocks being made! ‘from typescript prepared by 
Professor Geneve :'in this way all errors from type 
‘setting were avoided. 

A foolscap size Total Heat- -Entropy (E Ÿ) Çhart 
is a useful companion to the Tables. 


Before going more fully into the reasons which 
‘léd to the-adoption of Entropy instead of temperature 
ras | ihe he_basis for the new Tables, it my be as well to 
"ki ain. briefly the. fundamenfal properties of this 
in porfant function. 


Many attempts have been made to explain the 
physical significance of Entropy; for this “intrinsic'” 
‘function of the state of a substance is of primary 
#importance i in all natural processes in which heat is 
Éconverted to other forms of energy. From the point 
“bf view of engineering thermodynamics, it will suffice 
«to deline it as “that function of the state of a sub- 
_stance which remains constant when the substance 
is made to do mechanical work by a change of its 
physical state during which it receives or rejects no 
heat” With gases or vapours, such ‘a change of 
state is ii general the well known “adiabatic 
expansion.” 

Since, by the First Law of Thermodynamies any 
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heat energy received by a given mass of gas (or 
vapour) in a change of state must be fully accounted 
for, then— disregarding any other forms of energy 
which may be produced in negligible quantities, e. g. 
sound or electrical-—the heat energy received is equal 


to the sum of the external work done by the gas and 


of any chañge in its ‘Internal Energy”. Or, briefly, 
in symbolic form. 

AQ—AW<+AE, al three quantities 
being expressed in the same units of energy. 

In an adiabatic change, À Q = O, and thus 


AË= — À W, ie. the external work is done 
entirely at the expense of the Internal Energy of. the 


gas. Since, in this change, the Entropy œis by 


definition constant, i. e. \ ® = O, A w mustbe a 
functiou of À Q; and, in fact, it can be shewn that. 


A?=+AQoAQ=T.A# 


an equation which is of value when using the new 
type of Steam Tabies. 


Now, if unit mass of a gas of Pressure Pi, Specific 
Volume Vi, and Iñternal Energy E1 expands adiabati- 
cally behind a piston to a state defined by P2, Va, Ex, 
doing work against a balancing resistance, the work 
done during the expansion period only will be, as 
explained before, equal to (E1— E2). If to this is added 
the difference between the work done by the gas in 
displacing the piston a volume V1 against the resist- 
ing pressure Pi prior to expansion, and the work done 
in expellieg the gas from the cylinder at volume V2 
and pressure Pa, i. e. (Pi Vi—P2 V2), the total net 
work done in the double stroke of the piston is. 
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CAIRO : 


William Asquith Ltd ; U.K. 
Blaw-Knox Limited, U K. 

Craven Bros. (Manchester) Ltd, UK. 
Crompton Parkinson Ltd., UK. 
Coventry Gauge & Too! Co., UK. 
Crossley Brothers Ltd.. U.K. 
Crossley-Premier Engines Ltd., UK. 
Dean, Smith & Grace Ltd. U.K. 
Herbert Morris Ltd., UK: 

Holman Brothers Lid., U.K. 

Ideal Boilers & Radiators Ltd., U.K. 
John Thompson Engineering Co. U.K. 


John Thompson Beacon Windows Ltd., U.K. 


AA. Jones & Shipman Ltd., UK. 
H.W. Kearns & Co. Ltd., UK. 
B. & S. Massey Ltd.. UK. 

Nu Way Heating Plants Ltd., UK. 
Pegson Limited U.K. 

Pulsometer Eng. Co. Ltd., U.K. 
J. Sagar & Co. Ltd., UK. . 
Shillan’s Eng. Co. Ltd., U.K: 
Taylor, Taylor & Hobson Ltd., U.K. 
United Dairy Eng. Co. Ltd., UK. 
Aermotor Company, U S.A, 


Aïlis-Chalmers Mfg. Co., US.A. 
Americal Blower Corporation, U.S.A. 
Automatic Burner Corporation, U.S.A. 
Bethlehem Steel Export Corp., U.S.A. 
Blaw-Knox Company, U.S.A. 

Brunner Manufacturing Co., U.S.A. 
The Fafnir Bearing Co., U.S A. 

The Miller Rubber Co., U.S.A. 
Northwest Engineering Co., U.S.A. 
Standard Steel Works, U S.A. 
Universal power Corporation, U.S:A. 
Cockshutt Plow Co. Ltd., Canada 
C.L. Conord, France. 

Davum Exporation, France. . 

Soc. Anon. Eternit. Italy 

Officine Meccaniche Stigler, Italy. 


S. AE, CAPITAL L.E. 760.000 
Formerly S. G. Rabbath 
RC. 11823, TEL. 59265 (5 LINES) 
1234, TEL. 25984 (4 LINES) 


18, EMAD-EL-DINE STREET, 
© ALEXANDRIA: 43, SALAH-EL-DINE STREET, RC. 


Sole Agents in Egypt jor the following Firms: 


Milling and Drilling Machines. 
Construction Equipment. 
Heavy Duty Machine Tools. 
Electrical Equipment. 


‘Precision Too! Room Lathes 


Diesel and Gas Engines. 
Horizontal Diesel Engines. 
Machine Tools. 

Cranes, Hoists, Conveyors. 


Air Compressors & Pneumatic Equipment. 


Domestic Boilers & Sanitary Ware. 
Boîlers House Equipment. Water. 
Treatment. Food & Chemical Plant :. 
Metai Windows. 

Machine Tools. 

Machine Tools. 

Power Hammers. 

Oil Burners & Heating Equipment. 
Quarry, Mine & Gravel Pit Equipment. 
All types of pumps. 

Wood Working Machinery. 

Small Farm Tractors. 

Engraving & Diesinking Machines. 

Ice plants. Dairy & Bottling Machines. 
Wiodmill Driven Water Pumps. | 
Crawier & Wheel Tractors. 

Fans, Humidifiers, Dust Colleciors. 
Automatic Oil Burners. 

Iron and Steel. 


Construction Equipment. ChemicalfPlants. 


Condensing Units. 

Ball and Roller Bearings. 
Pneumatic Tyres and Tubes. 
Crawler Cranes and Draglines. 
Equipment for Municipal Work. 


Arc & Oxyacetylene Welding Equipment. 


Agricultural Implements. 
Kerosene Engines. Moto Pumps. 
Iron and Steel. 
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Engineering Department 
Sigmund Pumps (Great Britain) Ltd. 
Crossley Motors Lid. (Great Britain) 
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Sir Williäm Arrol & Co. Ltd. (Great Britain) 


North British Locomotive Co. Ltd. 
Messrs. Thomas & Baldwin (Siéel) 
Rex Hacksaw & Tool Mfy. Coy. London. 
; Britannia Batteries Ltd. London. 
® George Eiliot & Co. Ltd. Cardiff. 
George Banham & Co. Ltd. London. 
| Turner Mfg. Co. (Great Britain). 
Fairbanks Morse & Co. Inc., New york. 
Anaconda Wire & Cable Co. 
National Theatre Supply Export. New 
. Speed Tools Limited, London. 
Bruce, Dawson & Co. (London) Ltd. 
Farnsworth Television & Radio Corp. 
Ray -O- Vac Company. New Vork. 
RM. Hoilingshéad Corporation Camden, 
Witlys’ Export Corp. 


Glasgow. 


London. 
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The American Brass Co. New Vork. 


York. 


Indiana. 


New Jersèy. 


Johns—Manville International Corporation, New Vork. 


International Business Machines Corp. 
‘Tow Moter Corp.Ohio. 


General Department 


Sharp & Dotime, Phitadelphia ufs. A. 
Messrs. Jaeger Limited, London. 


: MCYCLAX” of London. 
Berkshire Knitfing Mills. 


Polarizers (S. A.) Limited, 
Johannesburg. South Africa. 


Central National Corporation, New Vork. 


Néw York. 
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